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VABSTRACTS
The dissertation attempts to bring out some of the important 
factors - ecological, biological, environmental and sociological 
factors - affecting the management of the Ghana Tropical High Forests 
(GTHF). Emphasis, in this study of the GTHF, has been placed on 
the characteristics of the GTHF, the conditions under which they 
develop, and their employment as an important economic resource.
The result is that some of the problems confronting management - 
problems of ownership, application of forest law, shifting cultivation, 
cocoa farming, development of forest industries, market imperfections, 
etc. - have been clearly revealed.
From the nature of the problems it has been made possible 
to make recommendations which seek to ensure the continued use of 
the GTHF as an important economic resource, and at the same time to 
reduce the conflicts among the factors referred to above so that 
the GTHF can be maintained as a permanent as well as a productive 
national asset.
Tables, Maps, Histograms and Graphs have been liberally 
used to illustrate as well as elucidate points of interest.
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1CHAPTER 1 
INTRODUCTION
An e v a lu a t io n  o f  management in  th e  t r o p ic a l  h ig h  fo r e s ts  
p ro v id e s  u s e fu l in fo rm a t io n  on p a s t ach ievem ents and f a i lu r e s ;  i t  
re v e a ls  th e  re le v a n c e  and p r a c t i c a b i l i t y  o f  s ta n d a rd s  a lre a d y  s e t and 
th e  n e c e s s ity  f o r  r e v is io n  o f  p a s t s ta n d a rd s  and c o n t r o ls ;  and i t  p ro v id e s  
a b a s is  f o r  d e te rm in in g  th e  d i r e c t io n  o f  fu tu r e  f o r e s t  management.
The re c e n t  s h i f t  in  emphasis in  f o r e s t  management in  Ghana 
fro m  com p le te  r e l ia n c e  on n a tu r a l t r o p i c a l  h ig h  fo r e s ts  tow ards  g re a te r  
a t t e n t io n  to  man-made fo r e s ts  c a l l s  f o r  a tho ro u g h  e v a lu a t io n  o f  the  
fo rm e r methods o f  management so as to  a vo id  unnecessary fu tu r e  in c u rs io n s  
o f  man-made fo r e s t s  in t o  th e  Ghana T r o p ic a l H igh F o re s ts  (GTHF).
As p a r t  o f  t h i s  e v a lu a t io n  a p re l im in a ry  s tu d y  is  made o f  
th e  use to  w h ich  in fo rm a t io n  from  r e c e n t ly  e s ta b lis h e d  perm anent sample 
p lo ts  in  th e  GTHF can be p u t .  T h is  p r e l im in a r y  s tu d y  sh ou ld  a ls o  
in d ic a te  th e  adequacy o r  O the rw ise  o f  th e  d a ta  be ing  c o l le c te d  from  
th e  sample p lo t s ,  and where n e ce ssa ry , recom m endations can be made to  
ensure  a g r e a te r  degree o f  re le v a n c e  and a ccu ra cy  o f  th e  d a ta  f o r  fu tu r e  
f o r e s t  management.
1.1 METHOD OF APPROACH
The d is s e r t a t io n  i s  in  f i v e  p a r ts  -  P a r t  I  d e a ls  w ith  th e  
S ta tem en ts  o f  B a s ic  F a c ts  r e la t in g  to  th e  T ro p ic a l H igh F o re s ts  o f  Ghana? 
in  p a r t i c u la r ,  to  th e  lo c a t io n ,  a re a , o w n e rsh ip , le g a l  p o s i t io n ,
2ecological and biological conditions, and economic considerations.
Part II deals with the Methods of Management applied to the GTHF, and 
Part III with the Economic Benefits for Management of the GTHF.
Part IV deals with the importance of all the factors that affect silvi­
cultural management of the GTHF, and the last part, Part V deals with 
the summary of all the recommendations mainly based on Part IV.
1.2 DATA COLLECTED AND LITERATURE REVIEWED
Relevant data to support statements made in this dissertation 
on the GTHF have been drawn from many sources, including a 5% enumeration 
survey of the GTHF, preliminary results of sample plot measurements, 
annual reports, economic survey reports and working plans of the Forestry 
Department, Ghana. Other data have been obtained from various reports 
of the United Nations Agencies and the Central Bureau of Statistics,
Ghana. Some data have also been collected from different concession 
areas in the GTHF as a result of visits made personally in 1969 and 1972.
Many of the concepts developed in this dissertation have been 
drawn from ecological, biolbgical, statistical and economic studies by 
various authorities in different parts of the world and also from 
personal experience. The main ecological and biological concepts concern 
the structure and composition of the GTHF, the distribution of trees by 
species and girth classes, the studying of trees currently considered 
of economic importance, soil plant relationships, and methods of 
management of these forests. These concepts are drawn from such studies 
as those by Dawkins (Oxford) based on his Uganda experience; Taylor 
(Edinburgh) and Jack (Ireland) on the GTHF, and Florence (A.N.U.) in 
Queensland •
3Research on the tropical high forests is incomplete in any 
one region, thus it is necessary to collect ideas from different regions 
of the world to assist in building up a comprehensive knowledge about 
the GTHF. Statistical informations are mainly calculations and 
regressions based on lecture notes by Carron (A.N.U.), Ferguson (A.N.U) 
and P. West (A.N.U.). Ideas on forecasting, markets and market
structure are all based on lecture notes and relevant references given 
on the course by Ferguson, Parkes and Reilly (All of A.N.U.).
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CHAPTER 2
STATEMENTS OF BASIC FACTS
2.1 LOCATION AND AREA
The GTHF lie roughly between latitudes 5°N and 7O30'N of 
the equator and between longitudes 0°30'E and 3°30'W of the Greenwich 
Meridian (Map 1). The actual area of the closed forest zone is 31,760 
sq. miles (8,130,560 ha.)s Of this 18e93°/a or 6012 sq. miles (1,539,000 
ha.) are permanently reserved forests.
2.2 OWNERSHIP
With the exception of very small alienations of land to a 
few families, all lands in the GTHF are the property of different ethnic 
groups, each ruled by a chief in whom the power over land is vested. All 
members of each ethnic group have usufructuary rights (i.e. rights 
of cultivation and not outright ownership of a piece of land, by each 
family of an ethnic group, and the enjoyment of its fruits) to the land. 
Such rights are granted by the chief after the performance of the necessary 
customary rites.
In 1897 some of the chiefs successfully resisted the introduction 
of a lands bill which would have transferred ownership of all lands in 
the then colony to the British Crown. This obviously discouraged any 
future attempts at transfer of land ownership, and this state of affairs 
remained unchanged at independence. With the introduction of national
/
6and local governments many of the powers of the chiefs and therefore of 
ethnic groups have gradually been eroded; however, the chiefs have 
continued to maintain their strong powers over their respective lands.
This anomaly appears to have been tolerated by various govern- . 
ments because the philosophy of the institution of chieftaincy has deep 
roots in land. The history, hierarchical organisation, group loyalty 
and norms of the ethnic groups conform to the customary rights over land. 
The retention of land ownership by chiefs appears to have some effect on 
the achievement of a coherent nationhood.
Ownership of land does not therefore alter at reservation, 
and chiefs receive a fair share of revenue from the sale of forest 
produce.
With the spread of shifting cultivation over most of the 20,748 
sq. miles (6,591,488 ha.) of unreserved forest, coupled with the rapid 
political and socio-economic changes, it is becoming increasingly 
difficult for land owners to see the need for maintaining large areas 
of land under permanent natural forest in the presence of many alternative 
uses of land.
Many individuals having usufructuary rights on land have also 
been exerting mounting pressure for the release of portions of old as 
well as newly created forest reserves for farming. One forest reserve, 
the Desiri Forest Reserve (52 sq. miles or 13,312 ha.) has been so 
badly covered with illegal farms that its fate presently hangs in the 
balance.
The pressure for the release of forest lands has assumed such 
importance that the present government has found it necessary to set up 
a commission of enquiry into illegal farms.
7Aristotle was certainly right when he said: "That which is
common to the greatest number has the least care bestowed upon it"•
2.3 LEGAL POSITION
The government has power to negotiate felling agreements on 
timber on behalf of the owners in order to achieve uniformity in the 
imposition of rents, royalties and other fees.
Felling of timber trees outside forest reserves is controlled 
by the Lands Department which is also heavily involved with land acquisition 
problems in cities and urban areas. The Chief Conservator of Forests 
(CCF) controls fellings in forest reserves, and he has overall power 
over the granting of Locality Marks (licences for logging in specified 
areas) throughout the GTHF.
Both the Forestry and Lands Departments collect royalties of 
trees felled in their respective areas, but all disbursements of money 
to chiefs are made through the Lands Department.
The CCF has wide powers exercised through his subordinates.
He lays down conditions, limitations and restrictions on timber trees, 
and his subordinates (Forest Officers) have powers of arrest without 
warrant. Some of these subordinates (Conservators of Forests) have 
powers to compound forest offences and to impose fines.
Forest Laws have been enacted to give legal effect to newly 
created reserves, to control entry into forest reserves, to control 
the minimum girth limits of merchantable trees, the amount of royalties 
payable for different species, inspection of export logs, and so on.
/
BDifficulties have arisen in the practical implementation of 
these laws: Many of the laws are obsolete, and fines considered effective
in the 1930s when some of the laws were passed are still being imposed 
in the 1970s* Some of the laws contain references to authorities 
that no longer exist. Amendments made to certain laws may not be 
readily available and both the amendments and the original laws continue 
to be applied, and a considerable confusion has arisen under such 
circumstances.
For political expediency certain powers of the CCF have been 
usurped by higher authorityf The attitude of the public to forest 
offences is so apathetic as to make the forest officer a subject of 
ridicule by illegal timber producers who can afford to pay fines 
imposed by the courts and still make a profit from committing a forest 
offence. The sensitivity of governments to the destruction of food 
crop and cocoa farms illegally established in forest reserves acts as 
a stimulant to farmers to make further illegal clearings.
/
92.4 ECOLOGICAL CONDITIONS
2.4.1 The Major Vegetation Associations
The whole area of the GTHF has been sub-divided into four 
associations based on the floristic composition of the dominant 
trees (Taylor, 1952) as follows:
(i) Cynometra-Lophira-Tarrietia Association (CLTA) - Evergreen
(ii) Lophira-Triplochiton Association (LTA) - Semi-deciduous
(iii) Celtis-Triplochiton Association (CTA) - Semi-deciduous
(iv) Antiaris-Chlorophora Association (AGA) - Semi deciduous 
No distinct lines of demarcation exist (Lines on the accompanying map 
1 are only broadly illustrative of the vegetation distributions), but 
one association imperceptibly emerges as another fades out along tension 
belts.
The subjects dealt with under Ecological Conditions are 
the Climate, Geomorphic Base, Geology and Soils, Forest Communities, 
and general concepts of Environmental conditions. References have 
been made (where appropriate) under each of these subjects to the 
GTHF in general and their sub-divisions into associations. Table 1 
provides a concise but simplified version of the major differences and 
similarities among the associations to enable quick references to
be made:
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2 . 4 . 2  C lim a te
2 .4 .2 .1  Wind Movements and R a in f a l l
The g e n e ra l c l im a te  o f  Ghana i s  in f lu e n c e d  by th e  s e a s o n a l 
m ovem ents o f  th e  i n t e r - t r o p i c a l  c o n ve rg e n ce  zone (and i t s  d a i l y  f l u c t u ­
a t io n s )  fo rm e d  by th e  s o u th -w e s t  monsoon w in d s  fro m  th e  A t l a n t i c  
Ocean and th e  n o r th - e a s t  t r a d e  w in d s  fro m  N o rth  A f r i c a ,  a t  t h e i r  p o in ts  
o f  c o n v e rg e n c e . The lo c a t io n  o f  t h i s  b u f f e r  zone a t  any one t im e  
depends on th e  r e l a t i v e  s t r e n g th s  o f  b o th  w ind  m ovem ents.
Wet c o n d i t io n s  a re  e x p e r ie n c e d  s o u th  o f  th e  zone and d ry  
c o n d i t io n s  p r e v a i l  n o r th  o f  i t .
The r a i n f a l l  y e a r  b e g in s  in  F e b ru a ry  and ends in  J a n u a ry . A 
g ra d u a l r i s e  in  th e  m o n th ly  r a i n f a l l  re a ch e s  i t s  peak in  June (T a b le  2 
and F ig u re s  1 - 1 1 ) .  T h is  i s  fo l lo w e d  by a s h a rp  d ro p  in  r a i n f a l l  in  
J u ly  w h ic h  c o n t in u e s  i n t o  A u g u s t when th e  r a i n f a l l  may d ro p  to  a b o u t th e  
F e b ru a ry  a v e ra g e . C o o l,  c lo u d y ,  d r y  b u t hum id c o n d i t io n s  p r e v a i l  in  
A u g u s t.  The r a i n f a l l  r i s e s  a g a in  in  S ep tem ber and re a c h e s  a second b u t 
lo w e r  peak in  O c to b e r .  T h e r e a f te r  th e  d e s ic c a t in g  and d e b i l i t a t i n g  
h a rm a tta n  w in d s  b e g in  to  be f e l t .  The r a i n f a l l  d e c re a s e s  fro m  November 
to  J a n u a ry  when th e  lo w e s t  r a i n f a l l  i s  re c o rd e d .
The r a i n f a l l  p a t t e r n  d e s c r ib e d  above i s  th e  same th ro u g h o u t 
th e  GTHF, b u t  th e  am oun ts  o f  p r e c ip i t a t i o n  in  any one m onth v a r ie s  fro m  
one a s s o c ia t io n  to  a n o th e r  (as  i l l u s t r a t e d  in  F ig u re s  1 -1 1 ) .
R a in f a l l s  a re  f a i r l y  w e l l  d i s t r i b u t e d  th ro u g h o u t  th e  m onth in  
th e  CLTAj th e r e  i s  a g ra d u a l d e c re a s e  in  th e  num ber o f  r a in y  days 
to w a rd s  th e  ACA. The d i f f e r e n c e s  in  vo lum e and p e r io d ic  d i s t r i b u t i o n  
o f  r a i n f a l l  have some e f f e c t s  on s o i l s ,  s p e c ie s  c o m p o s it io n  and 
p h e n o lo g ic a l b e h a v io u r  o f  t r e e s  in  d i f f e r e n t  a s s o c ia t io n s .
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2 . 4 . 2 . 2  R e la t iv e  H u m id ity
In  g e n e ra l h ig h  h u m id i t ie s  a re  e x p e r ie n c e d  (T a b le  3 ) .  I n
th e  CLTA and LTA r e l a t i v e  h u m id i t ie s  a p p e a r to  be u n a f fe c te d  t o  any 
/
s i g n i f i c a n t  d e g re e  by th e  d ry  h a rm a tta n  w in d s  p ro b a b ly  because o f  th e  
g ra d u a l w eaken ing  in  s t r e n g th  as w e l l  as a s te a d y  in c re a s e  in  m o is tu re  
c o n te n t  o f  th e s e  w in d s  as th e y  move to w a rd s  th e  s o u th -w e s te rn  p a r t  
o f  Ghana. A l t e r n a t i v e l y ,  in  th e  CTA and ACA th e  h a rm a tta n  w in d s  a re  
s t r o n g  enough to  re d u c e  r e l a t i v e  h u m id i ty ,  e s p e c ia l ly  d u r in g  Novem ber to  
M a rc h •
P h e n o lo g ic a l b e h a v io u r  o f  many t r e e s  in  th e s e  a s s o c ia t io n s  
a p p e a rs  to  be a s s o c ia te d  w ith  s e a s o n a l changes in  h u m id i t y .  F r u i t i n g  
and l e a f - f a i l  o f  d e c id u o u s  t r e e s  may ta k e  p la c e  in  November -  M a rch , 
and f o l ia g e  a p p e a rs  and p e r s is t s  in  A p r i l  -  O c to b e r .
2 . 4 . 3  The G eom orph ic Base
Two m ain p la te a u x ,  b o th  a s s o c ia te d  w i th  th e  ACA, a re  th e  m ost 
d i s t i n c t i v e  fe a tu r e s  o f  Ghana*s g e o m o rp h o lo g y  (Map 2 ) .  One p la te a u  
ru n s  fro m  n o r th  to  s o u th  a lo n g  lo n g i tu d e  o^30* e a s t and l i e s  betw een 
la t i t u d e s  6 °3 0 * and 8 °3 0 * n o r th ;  i t  a t t a in s  a maximum a l t i t u d e  o f  
2832 f t .  (8 6 3 m .) .  The o th e r  p la te a u  l i e s  in  th e  s o u th -e a s t  n o r th -w e s t  
d i r e c t i o n  betw een l a t i t u d e s  5 °3 0 * and 8 °  n o r th  and lo n g itu d e s  0O3Q* and 
2 °3 0 *  w e s t; i t  a t t a in s  a maximum a l t i t u d e  o f  2586 f t  (7 8 8 m .) .  B e low  t h i s  
p la te a u  l i e s  th e  b u lk  o f  th e  GTHF w h ich  a ls o  c o n ta in s  a s e r ie s  o f  h i l l s  
d is s e c te d  by r i v e r s  f lo w in g  s o u th w a rd s  i n t o  th e  s e a . Above t h i s  
p la te a u  a g a in  l i e s  th e  te n s io n  b e l t  be tw een th e  GTHF and th e  G u inea  
Savanna W oodland (GSW). Among th e  im p o r ta n t  r i v e r s  f lo w in g  w i t h in  th e
GTHF are the Tano, Ofin, Ankobra, Pra and Densu. The only inland
lake, Bosomtwe, lies in a trough 19 miles from Kumasi, and it covers 
an area of some 20 sq. miles.
Panoramic, features, enclosed and canopied (viewed from 
underneath a closed forest) landscapes are common and make scenic
viewing a real joy.
TABLE 4 Rock Formations in the GTHF (Source: Map 3)
Formation Rock and Mineral Constituents Distribution
Lower
Birrimian
Phyllites, schists, tuffs greywackes Found in all 
four associations
Upper
Birrimian
Metamorphosed Lavas, pyroclatic rocks, 
hypabyssal basic intrusive rocks, 
schists, greywackes*
it M
Tarkwaian Quartzites, phyllites, grits, 
conglomerates, schists.
a it
Granite Pegmatites, biotite, schists, porphyry, 
gneiss, undifferentiated granites.
ii ii
Basic
Intrusive
Gabbro, dolerite, epidiorite, 
serpentine.
Eocene and 
Cretaceous
Shales, sandstones, limestones Found in CLTA
Voltaian
Sandstone Sandstones CTA
Volcanic Volcanic tuffs, jaspers, calcareous, 
arenaceous andferrugineous shales, 
sandstone, greywackes.
CTA
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2 «4 ,4  G e o lo g y  and S o i ls
2 .4 ,4 .1  G e o lo g ic a l F o rm a tio n s
The GTHF a re  g e n e r a l ly  u n d e r la in  by Low er B i r r im ia n  fo r m a t io n  
(G hana ian  c l a s s i f i c a t i o n )  th e  c o n t in u i t y  o f  w h ich  i s  b ro ke n  a t  i n t e r v a ls  
by U pper B i r r im ia n  and T a rk w a ia n  fo r m a t io n s  ru n n in g  in  th e  n o r th ­
e a s t s o u th -w e s t  d i r e c t i o n ,  and a ls o  be s c a t te r e d  g r a n i t e  fo rm a t io n s  
th e  la r g e s t  o f  w h ich  l i e s  i n  th e  CTA (Map 3 ) .  A lw o w i t h in  th e  T a rk w a ia n  
fo r m a t io n  a re  s m a ll bands o f  b a s ic  i n t r u s i v e  f o r m a t io n .  Few lo c a l is e d  
fo rm a t io n s  a ls o  o c c u r .  These a re  th e  Eocene and C re ta c e o u s  fo rm a t io n s  in  
th e  CLTA, V o l t a ia n  s a n d s to n e  and v o lc a n ic  fo r m a t io n s  i n  th e  ACA.
The ro c k  and m in e r a l c o n s t i t u e n t s  (T a b le  4 )  s u p p o r t  th e  lu s h  
v e g e ta t io n  o f  th e  GTHF; th e  m a in  fo rm a t io n s  a re  g e n e r a l ly  common to  a l l  
th e  f o u r  v e g e ta t io n  a s s o c ia t io n s  and hence may n o t be s i g n i f i c a n t  in  
d e te rm in in g  d i f f e r e n c e s  in  s p e c ie s  c o m p o s it io n  in  th e  a s s o c ia t io n s .
2 . 4 . 4 . 2  M in e ra ls
F o u r m in e r a ls , i n  o r d e r  o f  t h e i r  c u r r e n t  econom ic  im p o rta n c e  
to  Ghana, a re  g o ld ,  d ia m o n d , manganese and b a u x ite  (Maps 2 and 3 ) .
A l l  f o u r  m in e ra ls  o c c u r  i n  th e  a re a  o f  th e  GTHF in  B i r r im ia n ,  T a rk w a ia n  
and Cape C o a s t G ra n ite  F o rm a t io n s ,  and a l l  o f  them a re  m ined u s in g  
s o p h is t ic a te d  modern te c h n o lo g y .
I n  a d d i t io n  d iam ond p ro s p e c t in g  i s  u n d e rta k e n  by many 
in d iv id u a ls  u s in g  cumbersome and r a t h e r  p r im i t i v e  m e th o d s .
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2 .4 .4 .3  S o i ls
The f o r e s t  s o i l s  o f  Ghana documented in  T ab le  1 have been 
form ed la r g e ly  unde r m o is t t r o p ic a l  c l im a t ic  c o n d it io n s  and th e re fo re  
can be c la s s i f ie d  as L a to s o ls  (T ab le  5 ) .  L a to s o ls  in c lu d e  d ee p ly  
w ea the red , h ig h ly  leached  s o i l s  w ith  la r g e ly  k a o l i n i t i c  c la y  m in e ra l 
c o n te n t and lo w  c a t io n  exchange c a p a c ity ,  and th e y  a re  w e l l  d is t r ib u te d  
in  th e  GTHF (Map 4 ) .
The s o i l s  o f  th e  CLTA a re  m a in ly  o x y s o ls ;  those  o f  th e  LTA 
a re  a lm o s t e n t i r e l y  o x y s o l-c h ro s o l in te r g r a d e s ,  w h ile  th e  s o i l s  o f  
th e  ACA and CTA a re  g e n e ra l ly  f o r e s t  o c h ro s o ls  b u t w ith  bands o f  
o x y s o l-o c h ro s o l in te r g r a d e s ,  r u b r is o l- o c h r o s o l  in te rg ra d e s  and o x y s o ls .  
The c h a r a c te r is t ic s  o f  o x y s o ls  and o c h ro s o ls  (T a b le  1) and the  
d if fe re n c e s  between them appear to  be m a in ly  th e  s u r fa c e  s o i l  re a c t io n  
and m o is tu re  c o n te n t .  Where th e re  i s  g r e a te r  r a i n f a l l  w h ich  is  a ls o  
e v e n ly  d is t r ib u t e d ,  o x y s o ls  w ith  th e  more a c id  s u r fa c e  s o i l  r e a c t io n ,  
a re  fo rm e d . As th e  amount o f  r a i n f a l l  decreases and i t s  d is t r ib u t io n  
becomes le s s  r e g u la r ,  o c h ro s o ls ,  w ith  le s s  a c id  s u r fa c e  s o i l  r e a c t io n ,  
a re  fo rm e d . The amount and d is t r ib u t io n  o f  r a i n f a l l  and i t s  e f f e c t s  
on s o i l  a c id i t y  may c o n t r ib u te  to  v e g e ta t io n  d i f f e r e n t ia t io n  in  th e  GTHF• 
The o c h ro s o ls  c o v e r a w id e r  a rea  than  th e  o x y s o ls ,  and th e  presence 
o f  d i f f e r e n t  a s s o c ia t io n s  on them may be th e  r e s u l t  o f  seasona l 
v a r ia t io n s  in  m o is tu re  c o n te n t o f  th e  s o i l ,  r e s u l t in g  from  v a r ia t io n s  
in  th e  number o f  r a in y  days d u r in g  th e  m onth, and th e  m o n th ly  and annua l 
mean r a i n f a l l s .
The la t o s o ls  have deve loped on d r i f t ,  s e d e n ta ry , c o l lu v ia l  
and a l l u v i a l  p a re n t s o i l s  th e  n a tu re  o f  w h ich  may be as an im p o r ta n t
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f a c t o r  as th e  c l im a t i c  e f f e c t  on th e  s o i l s .  G e n e ra l d e s c r ip t io n s  
o f  th e s e  p a re n t  s o i l s  (A hn , 1959) have been t h e r e fo r e  g iv e n  be lo w  to  
in d ic a t e  t h e i r  im p o r ta n c e  in  th e  fo r m a t io n  o f  l a t o s o ls :
D r i f t  S o i ls
The d r i f t  s o i l s  a re  re d d is h  to  brow n c la y  loam s 3 -5m . deep 
and fo u n d  on f l a t t i s h  sum m its  where th e y  have been b u i l t  up th ro u g h  
h i l l - w a s h  and s o i l  c r e e p .  T h e ir  fo r m a t io n  i s  p ro b a b ly  a s s o c ia te d  
w ith  c y c l i c a l  g e o lo g ic a l  e r o s io n .  They a re  u s u a l ly  f i n e  te x tu r e d  w ith  
a p re d o m in a n t c la y  c o n te n t  and c u b o id a l o r  p la t y  s t r u c t u r e , ha rd  
c o n s is te n c y  and h ig h  w a te r  r e t a in in g  c a p a c i t y .  They a re  o f te n  u n d e r -  
l a i n  w i th  a zone o f  2 5 -7 5 cm . th ic k n e s s  c o n ta in in g  i r o n  c o n c r e t io n s ,  
q u a r tz  g r a v e l  and an i r o n  pan be low  w h ich  l i e s  th e  w e a th e re d  p a re n t  r o c k .
When d r i f t  s o i l s  a re  washed by s h e e t e ro s io n  th e  i r o n  con­
c r e t io n s  be low  h a rd e n  i n t o  s o l i d  im p e n e tra b le  l a t e r i t e s .
D r i f t  s o i l s  a re  g e n e r a l ly  d e v o id  o f  w e a th e ra b le  m in e ra ls  and 
have v e ry  lo w  n u t r i e n t  c o n te n t .  They may be w e l l  a e ra te d  and 
p e n e tra b le  by r o o ts  a lth o u g h  th e y  can become ha rd  in  th e  d r y  s e a so n . 
S e d e n ta ry  S o i ls
S e d e n ta ry  s o i l s  u s u a l ly  l i e  on u p p e r and lo w e r  s lo p e s  betw een 
th e  d r i f t  s o i l s  o f  th e  f la t t e n e d  sum m its  and th e  c o l l u v i a l  s o i l s  o f  
th e  lo w e r  s lo p e s ;  th e y  can be d iv id e d  in t o  d i f f e r e n t  g ro u p s  a c c o rd in g  
to  th e  n a tu re  o f  th e  p a re n t  ro c k  w h ich  may be ig n e o u s , s e d im e n ta ry  o r  
m e ta m o rp h ic .
S e d e n ta ry  s o i l s  d e r iv e d  fro m  ig n e o u s  g r a n i t e s ,  d i o r i t e s ,  
f e ls p a r s ,  b i o t i t e ,  h o rn b le n d e  w e a th e r  to  r e la s e  p o ta s s iu m , magnesium 
and c a lc iu m .  Such s o i l s  may be fo u n d  i n  a re a s  c o ve re d  by D ix c o v e
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and Cape Coast granite complexes which are well scattered throughout the 
GTHF (Map 3). They may be dark or light brown in colour, finely 
textured, crumby in structure, of loose consistency, well drained and 
with a reasonably good water holding capacity.
The sedentary soils derived from sedimentary sandstone rocks, 
quartsites and shales of the plateau separating the GTHF from the GSW 
are light brown, coarse textured and very porous soils of low water 
holding capacity and poor nutrient status. They may be characteristic 
of more rugged and undulating country; they are also well aerated and 
penetrable by roots but they can be shallow with a depth of 1-2m.
Finally the sedentary soils derived from metamorphic 
phyllits and schists of the Lower Birrimian formation are the most 
extensive soils in the GTHF.
They are silty in texture, crumby in structure, of loose 
consistency, well drained, moderately deep (1-3 m.), easily penetrable 
by roots but impervious at moderate depths. Although they are generally 
good soils they may contain a high proportion of quartz and may some­
times be of low fertility status and of low moisture retaining capacity.
Colluvial Soils
Colluvial soils consist of 60-120 cm. of dark brown, finely 
textured soil, block-like in structure, with medium to hard consistency 
and free of stones and gravel, and lying over a sedentary weathered 
substratum. They occur on lower slopes below sedentary soils but above 
alluvial soils. Drainage conditions are not very good, and nutrient 
status is low. Colluvial soils are widely distributed in the GTHF,
but they are not extensive in any one area in the GTHF
TABLE 6 Parent Soil Capability Classes Based on 
Cocoa Production
Parent
Soil
Parent Rock 
Formation
Productive Capacity in 
Dry Weight of Cocoa 
per Hectare per Annum
Distribution
Sedentary Granite Complexes 1350 - 1700 Kg Extensive 
in GTHF
Sedentary Phyllites, tuffs, greywackes, schists 
(Birrimiam formation)
B50 Kg •1 ii
Drift Eroded materials of various formations 775 Kg
Limited
occurrence
Alluvial
and
Colluvial
M ii it Below 775 Kg
Widely dis­
tributed but 
not extensive 
in any one 
area
(Source: AHN, Soil/Vegetation relationships, Ghana)
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Alluvial Soils
Alluvial soils are usually grey to yellow-brown or dark 
coloured soils of coarse to fine texture, loose to hard consistency 
and mottled in the lower horizons. Under poor drainage conditions 
the sub-soil is grey coloured. Many soils of valley bottoms and river 
flats are of this type.
Soils in General
Parent soils in the GTHF have been classified by the Ghana 
Ministry of Agriculture on the basis of their ability to support 
cocoa farms for long periods of say 20-50 years without manuring 
(Table 6).
According to this classification the fertility of any 
particular soil in the GTHF (whether the soil belongs to the oxysol, 
ochrosol, or oxysol-ochrosol intergrade group) is greatly determined 
by the nature of the parent soil material. A careful scrutiny of 
Maps 1 - 4 reveals that some of the forest reserves in the GTHF are 
associated with the best soils in the country.
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2.4.5 Forest Communities
2.4.5.1 General Characteristics
The GTHF are climatic climax forests carrying many hundreds 
of different species. Although some 360 species among them can grow 
to timber size, only 25 species are currently considered of economic 
importance. These are the classes I and II species (Table 7) which 
will be referred to as Economic species. Of the two classes, Class I 
species are the more valuable economically. Other species not 
currently considered as important as those in classes I and II are grouped 
in classes III (some quoted in Table 7) and IV.
Economic species have again been grouped as classes la, 
lb, Ila and lib on the basis of similarities in growth rates, to 
facilitate yield calculations.
The distribution of the different species in the GTHF appears 
to depend on habitat suitability, species characteristics and pure chance. 
At close quarters sections of forest at various stages of serai 
development towards the climatic climax forest can be observed; it can 
also be noticed that other sections are held under edaphic subclimax, 
for example, sections carrying species of palmae such as Ancistrophyl]urn 
and Calamus spp. which form the raw materials for some cottage 
industries. Other important characteristics of the GTHF have been 
drawn from tabulated data collected from different methods of studying 
the high forests. The descriptions of the methods of study (sub­
section 2.4.5.2) precede the presentation of the data (sub-sections 
2.4.5.3, 2.4.5.4 and 2.4.5.5).
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2 .4 .5 .2  M ethods o f  S tu d y in g  th e  GTHF
Some o f  th e  im p o r ta n t  c h a r a c t e r i s t i c s  o f  th e  GTHF can be 
i l l u s t r a t e d  by ta b u la te d  d a ta  fro m  ( ü )  a 5°/0 e n u m e ra tio n  s u rv e y  o f  
W o rk in g  P la n  (WP) a re a s  amd a ls o  ( i i )  a n a ly s is  o f  g ro w th  o f  898 d e s ir a b le  
econom ic  t r e e s  o f  v a r io u s  g i r t h  c la s s e s .
B o th  m ethods o f  s tu d y  have been d e s c r ib e d  b e lo w :
5% E n u m e ra tio n  S u rve y
T h is  e n u m e ra tio n  s u rv e y  i s  u n d e rta k e n  in  e v e ry  w o rk in g  p la n  
a re a .  The o f f i c e  w ork p r i o r  to  th e  s u rv e y  in c lu d e s  th e  d i v i s io n  o f  
th e  p r o d u c t iv e  p a r t  o f  th e  w o rk in g  p la n  a re a s  i n t o  s t r a t a  a c c o rd in g  
to  th e  m a jo r  v e g e ta t io n  a s s o c ia t io n s  (T a b le  1) and d e n s i t y  o f  s to c k in g .  
T h is  i s  done , where a p p l ic a b le ,  to  in c re a s e  th e  p r e c is io n  o f  th e  
s a m p lin g .
The s t r a t a  a re  shown on a map on a s c a le  o f  1 : 1 2 ,5 0 0 .
Each s tra tu m  i s  s y s te m a t ic a l ly  d iv id e d  in t o  40 c h .  x 80 c h . 
(805  m. x 1610 m .) b lo c k s  w h ich  s h o u ld  as much as p o s s ib le  l i e  a c ro s s  
th e  d i r e c t i o n  o f  d r a in a g e .  T h a t i s ,  th e  80 c h a in  le n g th  o f  th e  b lo c k  
l i e s  a c ro s s  th e  d i r e c t i o n  o f  d ra in a g e .  The le n g th  o f  th e  b lo c k  i s ,  
in  e f f e c t ,  p re d e te rm in e d  to  ta k e  a c c o u n t o f  as much o f  th e  lo c a l  
v a r ia t io n s  as p o s s ib le .  Two sam p le  s t r i p s  t o  be enum era ted  in  each 
b lo c k  a re  s e le c te d  a t  random u s in g  a t a b le  o f  random num bers . Each 
b lo c k  i s  f i r s t  p la c e d  on a g r id  p a p e r numbered in  row s and c o lu m n s .
Then a random num ber o f  say  0547 i s  s e le c te d  and i f  some o f  th e  num bers 
in  row s (s a y  0 5 ) and co lum ns (s a y  4 7 )  make up th e  s e le c te d  random 
num ber, th e n  th e  in t e r s e c t io n  o f  th e  p a r t i c u la r  row s and co lum ns chosen 
g iv e s  th e  s t a r t i n g  p o in t  o f  th e  sa m p le . Each sam ple  s t r i p  i s  1 c h .  x 80
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and lies on either side of the centre line cut from the starting point. 
The total area of the two sample strips is approximately 5°/0 of the 
area of the block.
This method of sampling is a Two-stage sampling process, 
the first stage being the location of the starting point and the second 
stage being the enumeration of two contiguous strips once the starting 
point is located (Freese, 1962).
After the stratification, the division of strata into blocks, 
and the selection of starting points of the sample strips, a schedule 
is prepared on magnetic north bearings to show the tie-lines for 
locating the strips on the ground. All this is done in the office.
The actual field work involves using the hand-oil compass 
and chain to locate the starting point and for cutting the centre line. 
Posts are erected at 2.5 ch. (50.29 m.) intervals along the centre line. 
On either side of each post is an offset at right angles to the centre 
line to mark the width of each strip. All survey data within each 
2.5 ch. x 1 ch. on either side of the centre line are recorded before 
the survey party moves into the next 2.5 chain sub-strip.
Within each strip girths of trees are measured with the girth 
tape at breast height or with the tangent stick (modification of the 
Baltimore Stick) at 1 ft above the convergence of the buttress.
All girths of trees between 1 ft and 3 ft (30.48 cm. and 
91.44 cm.) are recorded in 1 ft girth classes for all classes I and II 
species individually, and for the total number of other species in each 
girth class. All girths of trees between 3 ft and 5 ft (91.44 cm. to 
152.4 cm.) and between 5 ft and 15 ft (152.4 cm. to 457.2 cm.) are
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recorded in 1 ft and 2 ft girth classes respectively for all classes I 
to III species individually, and for all other species as a group 
for each girth class.
Sixteen samples of 256 acres (102.4 ha.) are normally 
completed monthly at the cost of 1.1 man days per acre (2.75 man days 
per hectare).
The enumeration records are summarised by species and girth 
classes for classes I and II species and all other species as a group 
by girth classes. From the records the Reliable Minimum Estimate 
(RME), representing the lower limit of the confidence interval, 
is calculated by species and girth classes at a 90°/o probability level 
(the probability was originally found from 12 Forest Reserves using 16 
acre sample strips).
The RME's are very conservative figures and they represent 
the minimum estimated stocking in a complex community with wide 
variations of stocking density and girth classes, even within a stratum. 
The data for the 5°/0 enumeration surveys and inferences drawn from them 
appear in sub-section 2.4.5.3.
The Permanent Sample Plots
Some of the conclusions for this study have also been drawn 
from thirty Permanent Sample Plots (PSP) in Bobiri Forest Reserve.
These plots form part of a series of PSP that have been established 
in several forest reserves in the GTHF since 1969, or the initiative of 
Mr J.F. Baidoo, the then Conservator of Forests, in charge of the 
Working Plans Branch.
The PSP are expected to yield accurate information on growth 
performance of economic species as well as the effects of some of the
factors affecting growth
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The p ro d u c t iv e  p a r t  o f  a W orking P lan  a re a  is  d iv id e d  in t o  
squa re  m ile  b lo c k s  w ith in  each o f  w hich two p lo ts  (each m easuring 
5 c h . x 5 c h . )  a re  random ly  s e le c te d .  Each p lo t  i s  s u b -d iv id e d  in to  
tw e n ty - f iv e  0 .1  a c re  (0 .0 4  h a .)  s u b - p lo ts .  W herever p o s s ib le ,  2 
p o t e n t ia l  saw log t re e s  a t  th e  s a p lin g  and p o le  s ta g e s , as w e ll  as 
c u r r e n t ly  m e rchan tab le  t r e e s ,  a l l  o f  economic s p e c ie s , have been marked 
on each s u b - p lo t .  The g i r t h s  o f  th e  marked t re e s  have been measured 
a n n u a lly  a t  b re a s t h e ig h t  o r  above th e  convergence o f  th e  b u t t r e s s .
The sam ple p lo ts  have g e n e ra l ly  been e s ta b lis h e d  in  p ro d u c t iv e  a reas 
in  w h ich  s e le c t iv e  f e l l i n g  has take n  p la c e  in  th e  p a s t .  From th e  
t h i r t y  p lo ts  in  B o b ir i  F o re s t Reserve (CTA), 898 t re e s  were measured 
in  th e  2 -y e a r  p e r io d  between 1969 and 1972, and th e  d a ta  c o l le c te d  from  
th e se  t h i r t y  p lo ts  as w e ll  as th e  in fe re n c e s  drawn from  them have been 
p re se n te d  in  s u b -s e c t io n s  2 .4 .5 .4  and 2 .4 .5 .5 .
2 .4 .5 .3  Some C h a r a c te r is t ic s  o f  th e  GTHF Based on RME from  
5% E num era tion  S urveys
The c o n c lu s io n s  drawn from  t h i s  s u b -s e c t io n  a re  based on
RME f o r  -
( i )  D e n s ity  o f  T ree S to c k in g  ( a l l  s p p . ) ;
( i i )  D e n s ity  o f  S to c k in g  (Economic s p p . ) ;  and
( i i i )  D e n s ity  o f  S to c k in g  (Economic s p e c ie s  from  S e le c te d  
WP a re a s ) •
D e n s ity  o f  T ree  S to c k in g  ( A l l  S p e c ie s )
The c a lc u la te d  RME f o r  a l l  s p e c ie s  1 f t  g i r t h  and above 
(T ab le  8 ) p ro v id e  some in t e r e s t in g  in fo rm a t io n  a bou t th e  GTHF. About 
72-78% o f  th e  t o t a l  s to c k in g  is  found  in  th e  1 f t  -  3 f t  g i r t h s ,  and
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90 -  95% in  th e  1 f t  -  5 f t  g i r t h s .  The average  sp a c in g  o f  t re e s  in  
th e  1 f t  -  5 f t  g i r t h s  i s  a bou t 16 f t  (4 .9  m .) w hich may be s u f f i c i e n t  
to  m a in ta in  a c lo s e d  canopy even w ith o u t  th e  em ergent t re e s  (5 f t  g i r t h  
and above) w h ich  fo rm  5— 10°/o o f  th e  t o t a l  s to c k in g .  These few  
em ergent t re e s ,  how ever, a ccoun t f o r  35-45% o f  th e  t o t a l  s ta n d in g  b asa l 
a rea  and s u p p o rt such la rg e  and heavy crowns th a t  th e y  must o f  n e c e s s ity  
s tan d  w e ll  above th e  g e n e ra l canopy in  o rd e r  to  o b ta in  s u f f i c i e n t  s o la r  
energy and a t  th e  same tim e  ensure  th a t  some o f  t h i s  energy i s  made 
a v a i la b le  to  tho se  t re e s  im m e d ia te ly  below  them . The g e n e ra l 
s t r u c t u r a l  a rrangem ent o f  th e  f o r e s t  in  t i e r s ,  th e  presence  o f  t a l l  
c y l in d r i c a l  b o le s  and th e  s u p p o r t in g  p la n k  b u ttre s s e s  o f  th e  em ergent 
tre e s  do n o t th e re fo re  appear to  a r is e  by a c c id e n t .  The g re a te r  th e  
g i r t h  c la s s  o f  th e  em ergent t re e s  th e  s m a lle r  th e  number o f  t re e s  
p re s e n t in  t h a t  p a r t i c u la r  g i r t h  c la s s .  The la rg e  t re e s  occupy more 
space and perhaps u t i l i z e  more s o i l  n u t r ie n t s ;  r e s t r i c t i o n  o f  t h e i r  
number i s  th e re fo re  n ecessa ry  f o r  th e  ach ievem ent o f  d iv e r s i t y  re q u ire d  
f o r  th e  m a in tenance  o f  s t a b i l i t y .
The CLTA s u p p o rts  th e  s m a lle s t  b a s a l a rea  o f  abou t 236 
hoppus s q . f t .  (22  m ) p e r h e c ta re  and has th e  s m a lle s t  number o f  
em ergent t re e s ;  th e  ACA and th e  CTA g e n e ra l ly  s u p p o rt a b a sa l a re a  o f  
abou t 270-300 hoppus s q . f t .  (25-28m ) ,  and th e  LTA s u p p o rts  a s l i g h t l y  
lo w e r b a sa l a rea  p e r  h e c ta re .  The LTA, CTA and ACA have a c o n s id e ra b ly  
g re a te r  number o f  em ergent t re e s  than  th e  CLTA. The everg reen  n a tu re  
o f  th e  l a t t e r  h e lp s  to  m a in ta in  a perm anent and dense r c lo s e d  canopy 
w h ich  a p p a re n t ly  does n o t le a v e  much room f o r  th e  deve lopm ent o f  many 
em ergen ts . The h ig h  c o n c e n tra t io n  o f  t re e s  in  th e  1 -  5 f t  g i r t h
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c la s s e s  in  t h i s  a s s o c ia t io n  i s  a d e q u a te  to  e n s u re  s t ro n g  c o m p e t i t io n  
and to  p re v e n t  some young s a p l in g s  o f  e m e rg e n ts  among them fro m  
g ro w in g  beyond th e  s a p l in g  s ta g e .  Many p o t e n t ia l  e m ergen ts  may be 
h e ld  in  check  c o n s is te n t  w i th  th e  d e ve lo p m e n t and m a in te n a n ce  o f  an 
op tim um  b a s a l a re a  w i t h in  t h a t  a s s o c ia t io n  and h a b i t a t  c o n d i t io n s .  I t  
i s  a ls o  p o s s ib le  t h a t  th e  la r g e  num ber o f  t r e e s  in  th e  1 - 5 f t  c la s s e s  
may e x e r t  s t r o n g  c o m p e t i t io n  on m a tu re  e m e rg e n ts , p e rh a p s  in  n u t r i e n t  
u p ta k e ,  th u s  p r e v e n t in g  many such  em e rg e n ts  fro m  g ro w in g  beyond a 
c e r t a in  g i r t h  c la s s  b e fo re  th e y  d ie .
M e rv a r t  (M e rv a r t ,  1972) w o rk in g  i n  N ig e r ia  fo u n d  t h a t  t r e e s  
in  th e  medium g i r t h  c la s s e s  have le s s  m o r t a l i t y  th a n  t r e e s  in  e i t h e r  
th e  u p p e r o r  lo w e r  g i r t h  c la s s e s ,  p a r t i c u l a r l y  i n  th e  l a t t e r ,  and t h a t  
f a s t  g ro w in g  t r e e s  seem to  have s l i g h t l y  lo w e r  c u m u la t iv e  m o r t a l i t y  
th a n  s lo w  g ro w in g  s p e c ie s .
T h is  s u g g e s ts  t h a t  once t r e e s  a t t a i n  f a s t  g ro w th ,  e s p e c ia l ly  
i n  th e  medium g i r t h  c la s s e s ,  th e  c o m p e t i t iv e  e f f e c t s  o f  th e  la r g e r  
e m e rg e n ts  and s m a l le r  g i r t h  c la s s e s  a re  n o t  s t ro n g  enough to  p re v e n t  
th e  f a s t  g ro w th  b e in g  m a in ta in e d .  When th e  b u i ld - u p  in  s p e c ie s  d e n s i t y  
re a c h e s  some op tim um  b a s a l a re a , f u r t h e r  in c re a s e s  in  b a s a l a re a  
r e s u l t i n g  fro m  f a s t  g ro w th  may be c o u n te rb a la n c e d  by m o r t a l i t y  i n  b o th  
th e  s m a l le r  and la r g e r  s iz e s ,  e s p e c ia l ly  in  th e  fo rm e r ,  in  w h ich  g ro w th  
i s  s lo w .  I t  a ls o  e x p la in s  why th e  p r o p o r t io n  o f  some em ergen ts  
( e s p e c ia l l y  econom ic  s p e c ie s ) ,  w h ich  a re  c a p a b le  o f  a t t a in in g  f a s t  
g ro w th  in  th e  medium g i r t h  c la s s e s ,  in c re a s e s  to w a rd s  th e  la r g e r  g i r t h
c la s s e s
TABLE 9 Stocking of Economic Species per Hectare
Association CLTA2060Ha. Enumerated
CTA
15329 Ha. Enumerated
Economic Class CLASSES I & II CLASSES I & II
Girth Classes 
in ft
No. of 
Trees
No. as % 
of Econ. 
Class 
Stocking
No as % 
of All 
Species 
Stocking
No. of 
Trees
No. as % 
of Econ. 
Class 
Stocking
No. as 
of all 
Species 
Stockir
1 - 3 4.34 42.93 1 .48 19.84 54.76 7.18
3 - 5 2.64 26.11 3.19 8.59 23.71 13.56
5 - 7 1 .40 13.85 10.11 2.66 7.34 17.05
7 - 9 0.98 9.69 16.90 2.32 6.40 29.44
9 - 1 1 0.51 5.04 20.40 1.56 4.31 38.52
11 - 13 0.18 1 .78 25.71 0.78 2.15 39.00
13 - 15 0.04 0.40 20.00 0.32 0.88 33.68
15 + 0.023 0.20 20.00 0.16 0.45 18.18
TOTAL 10.11 100.00 36.23 100.00
(Source: W.P. Branch Records, Ghana)
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D e n s ity  o f  S to c k in g  ( A l l  Econom ic S p e c ie s )
The p a t te r n  o f  d i s t r i b u t i o n  o f  t r e e s  by g i r t h  c la s s e s  f o r  
econom ic  s p e c ie s  i s  s im i la r  to  t h a t  o f  th e  a l l - s p e c ie s  s to c k in g  
(Com pare T a b le s  8 and 9 ) in  t h a t  th e  c o n c e n t r a t io n  o f  s p e c ie s  i s  m a in ly  
in  th e  1 - 5 f t  g i r t h s .  The p r o p o r t io n  o f  econom ic  s p e c ie s  in  th e  1 - 3 f t  
g i r t h  c la s s  i s  a s m a ll p e rc e n ta g e  o f  t h a t  o f  th e  a l l - s p e c ie s  
s to c k in g ;  i t  \ /a r ie s  fro m  a b o u t 1 .5% in  th e  CLTA to  a b o u t 7°/o in  th e  
CTA. The num bers o f  t r e e s  by g i r t h  c la s s e s  in  th e  a l l - s p e c ie s  
c a te g o ry  d e c re a s e s  s h a r p ly  a t  f i r s t  w i t h  in c r e a s in g  g i r t h  c la s s e s  
and th e n  somewhat more s t e a d i l y .  Where econom ic  s p e c ie s  o n ly  a re  
com pared w ith  o th e r  s p e c ie s  th e  p r o p o r t io n  o f  t r e e s  in  each g i r t h  c la s s  
in c re a s e s  s t e a d i l y  fro m  th e  lo w e s t  g i r t h  c la s s  and re a c h e s  i t s  peak 
in  th e  1 1 -1 3 f t  g i r t h  c la s s .  Beyond t h i s  g i r t h  c la s s  th e  p r o p o r t io n  
o f  t r e e s  o f  econom ic s p e c ie s  d e c l in e s .  S p e c ie s  such as Khaya 
iv o r e n s is , E n tand ro ph ragm a  c y l in d r ic u m  and T r ip lo c h i t o n  s c le r o x y lo n  
e x h ib i t  t h i s  c h a r a c t e r i s t i c  v e ry  w e l l .  T h is  te n d s  to  s u p p o r t  th e  
v ie w  t h a t  m o r t a l i t y  in c re a s e s  in  th e  h ig h e r  g i r t h  c la s s e s  as a r e s u l t  
o f  s t r o n g  c o m p e t i t io n  fro m  o th e r  t r e e s  in  th e  co m m u n ity . I t  i s  n o t 
c le a r  w h e th e r t h i s  s t ro n g  c o m p e t i t iv e  a b i l i t y  o f  o th e r  t r e e s  is  
f a c i l i t a t e d  by senescence  o f  th e  d o m in a n t t r e e  s p e c ie s  (A r in in -B o n s u , 
1970 ) o r  by o th e r  f a c t o r s .
U n lik e  Khaya iv o r e n s is , E n ta nd ro ph ragm a  c y l in d r ic u m  and 
T r ip lo c h i t o n  s c le r o x y lo n , E n tand ro ph ragm a  u t i l e  a p p e a rs  to  w ith s ta n d  
t h i s  ty p e  o f  c o m p e t i t io n  more s u c c e s s fu l ly  in  t h a t  i t s  s to c k in g  
d e n s i t y  does n o t  v a ry  v e ry  much beyond th e  11- 1 3 f t  g i r t h  c la s s .
In  g e n e ra l th e  econom ic s p e c ie s  re p re s e n t  a b o u t a q u a r te r
o f  th e  a l l - s p e c ie s  s to c k in g  f o r  h ig h e r  g i r t h s  between 5 - 7 f t  and 1 5 f t+ .
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Density of Stocking (Economic Species from Selected Working 
Plan Areas)
In the foregone analyses, the data have been drawn from 
enumeration surveys over a large number of working plan areas. In this 
study the data have been drawn from enumerations in specific working 
plan areas in different associations to determine whether the conclusions 
drawn from the general surveys also apply to a specific survey.
The 5°/) enumeration data from specific working plan areas 
(Table 10) in different associations have a similar pattern of stocking 
by girth classes as those of the all-species stocking and the stocking 
of economic species in that over 70% of the total stocking is concentrated 
in the 1-5ft girths. This tends to indicate that the large concentration 
of trees in the smaller sizes is consistently repeated and this may 
hold good even for individual species.
However, the density of stocking of economic species in 
some working plan areas may be much better than that of the economic 
species in general (Table 9). For instance the density of stocking 
of economic trees in Bonsa Forest Reserve is more than twice that of 
the CLTA in general,
2,4.5.4 Some Characteristics of the GTHF as Revealed by Data 
from the PSP
Some general observations on ecological characteristics of 
the GTHF have been drawn from the summary of the B98 trees measured 
(Fig. 12 and Tables 11aand11b)as follows: The 30 plots vary in
numbers of economic species present and in their girth class distribution.
Although selective felling has taken place in Bobiri Forest Reserve
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in the past yet it may be valid to state that for widely distributed 
species with wind-borne seeds such as Entandrophragma angolense,
E. cylindricum, Khaya anthotheca, Triplochiton scleroxylon, Guarea 
cedrata and Nesogordonia papaverifera (represented as spp. "E", "Y",
"K", "T", "G" and "N" respectively in Fig. 12 and Tables 11a and 11b) 
the presence of a young sapling or pole of a particular species in any 
one area does not necessarily mean that the mother tree is nearby. In 
the case of gregarious species such as Turreanthus africanus (represented 
as sp. "F" in Fig. 12 and Tables 11 a and 11 b),which also have drupaceous 
fruits containing substances poisonous to herbivores,the situation 
referred to above is uncommon.
Where there is a large concentration of a particular gregarious 
species there is a limitation imposed on the number of other species 
which can be present. This can
(i) result in the failure of the trees present in that
particular area to fully utilize all the ecological 
niches and
(ii) limit to a'certain extent the potential biomass production. 
A further observation is that although a species may be widely 
distributed the extent of its occurrence seems to be influenced by the 
number of other species present and their stocking density. On the 
basis of the plot records, a suggestion (Jack, 1961) that Triplochiton 
scleroxylon does not seem to be affected by the presence of other
species is questionable.
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2 .4 .5 .5  Growth o f  Economic T rees in  th e  GTHF Based on 
Data from  th e  PSP
The complex and r e la t i v e l y  s ta b le  n a tu re  o f  th e  c l im a t ic  
c lim a x  com m unity, w ith  i t s  b u i l t - i n  checks and ba lances (T a b le  15a ), 
has posed prob lem s abou t g ro w th  perfo rm ance  o f  in d iv id u a l  s p e c ie s  and 
g i r t h  c la s s e s .
To f a c i l i t a t e  y ie ld  re g u la t io n s  f o r  w o rk in g  p la n  a reas 
(worked on a 25 ye a r f e l l i n g  c y c le ) ,  fo r e s te r s  in  Ghana have had to  
a ccep t rough  e s tim a te s  o f  g ro w th  o f  economic s p e c ie s  in  te rm s o f  Times 
o f  Passage (TOP) between one 2 f t  g i r t h  c la s s  and th e  n e x t h ig h e r g i r t h  
c la s s ,  w h ich  may be th e  Minimum E x p lo ita b le  G ir th  c la s s  (MEG). The 
TOP w h ich  were f i r s t  c a lc u la te d  by K in lo c h  and J a c k (b o th  were in  charge  
o f  W orking P lans a t  d i f f e r e n t  t im e s ) ,  were based on g i r t h  in c re m e n t 
sample p lo t  f ig u r e s  f o r  u n tre a te d  f o r e s t .  These in c re m e n ts  (TOP) 
have been m a in ta in e d  o v e r 30 ye a rs  f o r  c la s s  la  t re e s  between g i r t h  
c la s s e s  7—9 f t  and 9 -1 1 f t ,  2 2 .5  y e a rs , 25 y e a rs , and 30 ye a rs  f o r  c la s s e s  
lb ,  I l a  and l i b  t re e s  r e s p e c t iv e ly ,  between g i r t h  c la s s e s  5 - 7 f t  and
?*” 9 f t .  The TOP r e fe r r e d  to  above a re  e q u iv a le n t  to  annua l in c re a s e s  in
2 2 2 Pbasa l a reas o f  69.6Qcm , 72.26cm , 65.03cm and 54.19cm f o r  c la s s e s
la ,  lb ,  I l a  and l i b  t r e e s  r e s p e c t iv e ly .
The p r e l im in a r y  r e s u l t s  o f  th e  30 p lo ts  in  B o b ir i  F o re s t 
Reserve have been exam ined in  t h i s  s tu d y  to  in d ic a te  th e  tre n d s  o f  
a c tu a l g ro w th  ra te s ,  and a ls o  th e  e f f e c t s  o f  a number o f  fa c to r s  w h ich  
may a f f e c t  g row th  in  th e  GTHF.
These r e s u l t s  have been used in  re g re s s io n s  o f  g row th  (as  a 
dependent v a r ia b le )  on a number o f  independen t v a r ia b le s  f o r  —
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( i )  t r e e s  o f  a l l  seventeen s p e c ie s  measured;
( i i )  t r e s s  o f  in d iv id u a l  sp e c ie s  measured;
( i i i )  t r e e s  o f  d i f f e r e n t  g i r t h  c la s s e s  o f  in d iv id u a l  s p e c ie s ;
( i v )  t r e s s  o f  d i f f e r e n t  economic c la s s e s ;
( v )  t re e s  o f  d i f f e r e n t  g i r t h  c la s s e s  in  the  same economic c la s s .
The in d ep e nd e n t v a r ia b le s  in c lu d e  fa c to r s  such as th e  p resence o f  o th e r  
t re e s  and c lim b e rs ,  and crown d e n s ity .
The re g re s s io n s  a re  based on REX Computer Programme m o d if ie d  
by P h i l ip  West (F o re s t r y  D epartm en t, A . N . U . ) .  The r e s u l t s  o f  the  
re g re s s io n s  a re  based on in c re m e n t re c o rd s  f o r  a v e ry  s h o r t  p e r io d ;  
because o f  t h i s  th e  in c re m e n t d a ta  canno t be rega rded  as re p re s e n t in g  
th e  t y p ic a l  g row th  ra te s  f o r  th e  B o b ir i  F o re s t Reserve o r  f o r  th e  GTHF; 
how ever, th e  g row th  d a ta  a re  a p o in te r  to  what is  th e  l i k e l y  b io lo g ic a l  
b e h a v io u r o f  c e r ta in  in d iv id u a l  t r e e s ,  s p e c ie s  and economic c la s s e s  
w i th in  th e  GTHF.
The r e s u l t s  o f  th e  re g re s s io n s  a re  d iscu ssed  in  fo u r  sub­
s e c t io n s :
( i )  Growth t re n d s  o f  C la ss  I  sp e c ie s ;
( i i )  Growth tre n d s  o f  C lass  I I  s p e c ie s ;
( i i i )  G rowth t re n d s  o f  a l l  economic s p e c ie s ; and
( i v )  F a c to rs  a f f e c t in g  g ro w th .
I t  shou ld  be no ted  th a t  th e  d a ta  in  T ab le  12 c o v e r a p e r io d  o f  
2 ye a rs  and th a t  th e y  were c o l le c te d  on p o te n t ia l  as w e ll  as m ature t im b e r  
s p e c ie s , and th a t  th e  r e s u l t s  sh ou ld  r e f l e c t  th e  b e h a v io u r o f  economic 
s p e c ie s  th ro u g h  d i f f e r e n t  g i r t h  c la s s e s .
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Two d i f f e r e n t  g i r t h  c la s s e s  have been shown, t h a t  i s ,  1 f t  
g i r t h  c la s s e s  f o r  g i r t h s  up to  3 f t  g i r t h ,  and 2 f t  g i r t h  c la s s e s  f o r  a l l  
g i r t h s  above 3 f t .  The l a t t e r  became nece ssa ry  in  o rd e r  to  overcome any 
n u m e ric a l d e f ic ie n c ie s  t h a t  use o f  1 f t  g i r t h  c la s s e s  f o r  la r g e r  s iz e  
t re e s  would have e n c o u n te re d .
Any m e n tion  o f  g ro w th  in  t h i s  c o n te x t  r e fe r s  to  g ro w th  in  
b asa l a rea  p e r t r e e  measured in  sq . cms.
Growth T rends o f  C la ss  I  S pec ies
Among th e  c la s s  la  sp e c ie s  Entandrophragm a c y l in d r ic u m ,
Khaya a n th o th e ca  and Mimusops d ja v e  showed th e  b e s t g row th  o f  the  t re e s  
re c o rd e d . T r ip lo c h i t o n  s c le ro x y lo n  (C la s s  l b )  is  d i s t i n c t l y  th e  
fa s te s t  g row ing  s p e c ie s  among th e  seventeen s p e c ie s  re co rd e d  f o r  a l l  
c la s s e s  (T a b le  1 2 ) .
T r ip lo c h i t o n  s c le ro x y lo n  has the  h ig h e s t s to c k in g  d e n s ity  
among a l l  the  econom ic s p e c ie s . I t  i s  th e re fo re  n o t by a c c id e n t th a t  
g ro w th  o f  c la s s  lb  s p e c ie s  is  v e ry  much r e la te d  to  th a t  o f  T r ip lo c h i to n  
s c le ro x y lo n  (com pare g ro w th  ra te s  o f  T . s c le ro x y lo n  and C la ss  lb  in  
Tab le  1 2 ) .
There was in a de q ua te  in fo rm a t io n  on g ro w th  o f  7 - 9 f t  g i r t h  
c la s s  t re e s  f o r  a l l  th e  econom ic c la s s  la  s p e c ie s , bu t g ro w th  in  th e  
5 - 7 f t  g i r t h  c la s s  te n d s  to  in d ic a te  th a t  a 30 ye a r tim e  o f  passage may 
be re a so n a b le  between th e  5 -7 f t  and th e  7 - 9 f t  g i r t h  c la s s e s . The 
g re a te r  d i f fe r e n c e  in  b a sa l a rea  between th e  7 - 9 f t  and 9 -1 1 f t  g i r t h  c la s s e s  
may mean th a t  movement between these  c la s s e s  w i l l  n o t be ach ieved  in  
3D y e a rs . T h is  i s  im p o r ta n t  because f o r  c la s s  la  s p e c ie s , t re e s  
ca nn o t be e x p lo ite d  u n t i l  th e y  reach  th e  9-11 f t  g i r t h  c la s s .
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Even f o r  th e  f a s t e r  g ro w in g  c la s s  l b  th e  a ve ra g e  a n n u a l 
2
g ro w th  o f  59cm between 5—7 f t  and 7 - 9 f t  g i r t h  c la s s e s  w ou ld  ta k e  28 y e a rs  
com pared w i th  th e  2 2 .5  y e a rs  f o r  a t r e e  in  th e  5 - 7 f t  g i r t h  c la s s  to  re a ch  
a MEG o f  7—9 f t .
G row th  T re n d s  in  C la s s  I I  S p e c ie s
The s p e c ie s  in  t h i s  c la s s  as a w h o le  a re  s lo w e r  in  g ro w th
th a n  c la s s  I  s p e c ie s .  The a ve ra g e  a n n u a l g ro w th  in  b a s a l a re a  in  th e
2 25 - 7 f t  g i r t h  c la s s  i s  39.15cm  f o r  c la s s  I l a ,  and 40cm f o r  c la s s  l i b .
These e a r ly  r e s u l t s  te n d  to  in d ic a te  t h a t  th e  TOP f o r  econom ic C la s s  I l a  
s h o u ld  have been 42 y e a rs  and n o t 2 2 .5  y e a rs ,  and t h a t  o f  c la s s  l i b  
s h o u ld  have been 40 y e a rs  in s te a d  o f  30 y e a rs .
T re n d s  in  G row th  o f  A l l  Econom ic S p e c ie s  in  G e n e ra l
T h e re  a re  w id e  v a r ia t io n s  in  g ro w th  o f  i n d iv id u a l  t r e e s ,  d i f ­
f e r e n t  s p e c ie s ,  g i r t h  c la s s e s ,  econom ic c la s s e s ,  e t c . ,  and some o f  th e s e  
v a r ia t io n s  have been i l l u s t r a t e d  (T a b le  1 2 ) .  T im es o f  passages a re  
th e r e fo r e  a t  b e s t v e r y  ro u g h  e s t im a te s  o f  r a t e s  o f  g ro w th .  H ow ever, 
th e y  a re  o f  im p o r ta n t  p r a c t i c a l  s ig n i f i c a n c e  in  th e  management o f  th e  GTHF, 
F o r  t r e e s  up t o  '1 f t  g i r t h ,  m ost s p e c ie s  a re  s lo w  g ro w in g  e x c e p t 
f o r  T r ip lo c h i t o n  s c le r o x y lo n , P ip ta d e n ia s tru m  a fr ic a n u m  and T u r re a n th u s  
a f r ic a n u s  w h ic h  a re  r e l a t i v e l y  f a s t  g ro w in g .  G row th  r a te s  th e n  a c c e le ra te  
in  th e  1 f t - 2 f t  g i r t h  c la s s  w i t h in  w h ich  E n tand ro ph ragm a  a n g o le n s e ,
E . c a n d o l le i , G uarea c e d r a ta . A n t ia r i s  a f r ic a n a  and T u r re a n th u s  a f r ic a n u s  
d o u b le  t h e i r  p re v io u s  g ro w th  r a t e s ,  w h i le  Khaya a n th o th e c a , T r ip lo c h i t o n  
s c le r o x y lo n , N e s o g o rd o n ia  p a p a v e r i fe r a  more th a n  t r i p l e  t h e i r  p re v io u s  
g ro w th  r a t e s .  E n ta nd ro ph ragm a  c y l in d r ic u m  m a in ta in s  th e  s lo w  g ro w th  
in t o  th e  1 - 2 f t  g i r t h  c la s s ,  w h i le  P ip ta d e n ia s tru m  a fr ic a n u m  s lo w s  down
i t s  i n t i a l  f a s t e r  g ro w th .
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Within the 2-3ft girth class Khaya anthotheca, Guarea cedrata, 
Nesogordonia papav/erifera more than double their growth rates achieved 
in the 1-2ft girth class, while Entandrophragma cylindricum and 
Piptadeniastrum africanum more than quadruple their growth rates of the 
1-2ft girth class. Beyond the 2-3ft girth class there is generally 
a slowing down of growth into the 3-5ft girth class. This is then fol­
lowed by a further rapid increase in growth as the trees move into the 
5-7ft girth class; exceptions to this include Antiaris africana and 
Guarea cedrata which continue to be relatively slow growing. There 
is inadequate information on increment within girth classes beyond the 
5-7ft girth class, but the results for Khaya anthotheca and Triplochiton 
scleroxylon show that the former species continues to grow at a faster 
rate in the 7-9ft girth class, while the latter appears to attain its 
peak growth rate in the 5-7ft girth class.
Research on growth of economic species in the natural forest 
carried out in the Okomu Forest Reserve, Nigeria (Keay, 1961) indicated 
that Triplochiton scleroxylon and Piptadeniastrum africanum have the 
fastest growth rates and both attain their peak growth rates at around 
6ft girth; and that for most species girth increment reaches its peak 
between 4ft and 9ft girths. Although conditions in Nigeria will not 
be the same as those of the GTHF, the pattern of growth appears to be 
similar. In general growth rates are different for all the species; 
these growth rates are low at the smallest girth classes and they in­
crease at various rates into the 2-3ft girth class. Beyond this 
there is a slowing down of growth in basal area perhaps due to increased 
growth in height and crowns. Normal growth in basal area picks up
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a g a in  in  th e  5 - 7 f t  g i r t h  c la s s ,  re a c h in g  i t s  peak betw een 5 f t  and 
9 f t  g ir th s  and th e n  s lo w in g  down a g a in .  The r e s u l t s  fro m  N ig e r ia  
in d ic a te  t h a t  a t  9 f t  g i r t h  th e  ages o f  T r ip lo c h i t o n  s c le r o x y lo n ,
P ip ta d e n ia s tru m  a f r ic a n u m , E n tand ro ph ragm a  c y l in d r ic u m , Khaya s p e c ie s , 
Guarea c e d ra ta  and L o p h ira  a la t a  may be e s t im a te d  a t  4 2 , 7 1 , 8 7 , 88 ,
106, 137 , 168 and 220 y e a rs  r e s p e c t iv e ly .  The g ro w th  r a te s  v a r y  so 
much t h a t  a s in g le  s a t i s f a c t o r y  r o t a t i o n  c a n n o t be f ix e d  f o r  a l l  s p e c ie s .
The N ig e r ia n  e x p e r ie n c e  based on a n n u a l m easurem ents between 
1934 and 1939 , and p e r io d ic  m easurem ents betw een 1919 and 1934 in  th e  
Okomu F o re s t  R eserve  (K e a y , 1961) r e v e a l t h a t  th e  p o in t  o f  in t e r s e c t io n  
o f  th e  maximum mean a n n u a l in c re m e n t and th e  d e c re a s in g  c u r r e n t  a n n u a l 
in c re m e n t f o r  E n tand ro ph ragm a  a n g o le n s e , E . c y l in d r ic u m , G uarea c e d r a ta , 
Khaya iv o r e n s is , L o p h ira  a l a t a , Lovoa t r i c h i l i o i d e s  may o c c u r  in  g i r t h  
c la s s e s  9 - 1 1 f t ,  1 3 -1 5 f t ,  7 - 9 f t ,  9 -1 1 f t ,  7 - 9 f t ,  and 9 -1 1 f t  r e s p e c t iv e ly .  
T h is  te n d s  to  s u g g e s t t h a t  th e  9 f t  g i r t h  i s  a re a s o n a b le  s iz e  f o r  a 
r o t a t i o n  f o r  th o s e  s p e c ie s .  A g a in  i t  was fo u n d  t h a t  E n tand ro ph ragm a 
c y l in d r ic u m , Guarea c e d ra ta  and T r ip lo c h i t o n  s c le r o x y lo n  show sub­
s t a n t i a l  d ro p s  in  u t i l i z a b l e  vo lum e due to  unsoundness a t  g i r t h s  
o f  30-31 f t ,  1 8 - 1 9 f t  and 2 1 - 2 2 f t  r e s p e c t i v e ly .  T h is  te n d s  to  in d ic a te  
t h a t  i f  th e  p ro b le m  i s  n o t  one o f  m a x im iz in g  r o t a t i o n  o f  maximum vo lum e 
g ro w th  th e n  c e r t a in  s p e c ie s  may c o n t in u e  to  g ro w  a t  a d e c re a s in g  r a te  
o f  g ro w th  a f t e r  th e  p o in t  o f  maximum mean a n n u a l in c re m e n t has been 
re a c h e d , and t h a t  unsoundness  r e s u l t i n g  fro m  p h y s io lo g ic a l  o v e r m a tu r i t y  
does n o t  n e c e s s a r i ly  o c c u r  soon a f t e r  th e  g ro w th  r a te s  s t a r t  to  d e c re a s e .
The N ig e r ia n  re s e a rc h  r e s u l t s  r e f e r r e d  to  may n o t be c o m p le te ly  
a p p l ic a b le  to  Ghana, b u t a l l  i n d ic a t io n s  a re  t h a t  th e  b e h a v io u r  o f  th e  
same s p e c ie s  in  Ghana may be v e ry  s im i l a r  to  t h a t  o f  N ig e r ia .
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F a c to rs  A f f e c t in g  G row th
In  t h i s  s u b -s e c t io n  an a t te m p t has been made to  exam ine th e  
r e la t io n s h ip s  between a num ber o f  s ta n d  f a c t o r s  and g ro w th .  T h is  has 
been done by m e a su rin g  a s e r ie s  o f  s ta n d  p a ra m e te rs  and r e la t i n g  th e s e  
th ro u g h  r e g re s s io n  a n a ly s e s  to  g ro w th  o f  t r e e s  by s p e c ie s ,  s iz e s  and 
econom ic  c la s s e s .
The s ta n d  p a ra m e te rs  in c lu d e :
(X  ) th e  number o f  n e ig h b o u r in g  t r e e s  o b s t r u c t in g  g ro w th  o f  
th e  econom ic  s p e c ie s ;
[X  ) th e  number o f  n e ig h b o u r in g  c l im b e r s  o b s t r u c t in g  g ro w th  
o f  th e  econom ic s p e c ie s ;
[X<-) Canopy d e n s i t y  e xp re sse d  as a p e rc e n ta g e  o f  th e  t o t a l  
shade c a s t  on th e  f o r e s t ;
(X g ) th e  num ber o f  t r e e s  o f  re a s o n a b le  g i r t h  [ g i r t h s  in  in c h e s  
e x c e e d in g  t h e i r  d is ta n c e s  in  f e e t  from  th e  econom ic 
s p e c ie s )  w i t h in  a r a d iu s  o f  3 3 f t  (10m ) and c a p a b le  o f  
e x e r t in g  an a d v e rs e  in f lu e n c e  on g ro w th  [ y ) o f  th e  seve n te e n  
d i f f e r e n t  econom ic s p e c ie s  re c o rd e d .
O th e r  f a c t o r s  such as s o i l  and c l im a t i c  e f f e c t s  on g ro w th  were
n o t  m easured and t h e r e fo r e  n o t in c lu d e d  in  th e  r e g r e s s io n s .  C e r t a in ly
because o f  t h i s  th e  p a ra m e te rs  l i s t e d  g e n e r a l ly  a cco u n te d  f o r  le s s  th a n
50% o f  th e  v a r ia t io n s  in  g ro w th ,  as e x p re s s e d  by th e  m u l t ip le  c o e f f i c i e n t  
2
o f  v a r ia t i o n ,  R .
The r e s u l t s  o f  th e  re g re s s io n s  r e v e a l  some o f  th e  d i f f i c u l t i e s  
t h a t  can a r is e  in  d e a l in g  w i th  th e  com p lex  com m un ity  o f  th e  GTHF. Gome 
e ig h t y  r e g re s s io n s  o f  Y on th e  in d e p e n d e n t v a r ia b le s  w ere done b u t o n ly  
19 o f  th e s e  [T a b le  13 ) gave h ig h ly  s i g n i f i c a n t  r e s u l t s  w h ich  a f fe c te d
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( i )  each o f  th e  f o l lo w in g  econom ic  s p e c ie s  ta k in g  a l l  g i r t h  c la s s e s  
to g e th e r :  E n tand ro ph ragm a  a n g o le n s e , T r ip lo c h i t o n  s c le r o x y lo n , 
G uarea c e d r a ta , P ip ta d e n ia s tru m  a f r ic a n u m , N e so g o rd o n ia  
p a p a v e r i fe r a , T u r re a n th u s  a f r ic a n u s ;
( i i )  each o f  th e  econom ic c la s s e s  l a ,  l b ,  I l a  and l i b  t a k in g  a l l  
g i r t h  c la s s e s  to g e th e r ;
( i i i )  a l l  t r e e s  i r r e s p e c t i v e  o f  s iz e ,  econom ic  c la s s  o r  s p e c ie s ;  and
( i v )  A n t ia r i s  a f r ic a n a  in  th e  < C 1 -1 ft g i r t h  c la s s .
The h ig h ly  s i g n i f i c a n t  r e s u l t s  im p ly  t h a t  th e re  i s  a r e a l  
r e la t io n s h ip  between g ro w th  in  b a s a l a re a  and a t  l e a s t  some o f  th e  
in d e p e n d e n t v a r ia b le s  f o r  seven o u t o f  se ve n te e n  d i f f e r e n t  s p e c ie s  
re c o rd e d .  The r e la t io n s h ip  betw een g ro w th  in  b a s a l a re a  and th e  
in d e p e n d e n t v a r ia b le s  f o r  each o f  th e  re m a in in g  te n  s p e c ie s  m ust th e r e ­
fo r e  be due to  c h a n ce .
S ta n d a rd  r e g r e s s io n  c o e f f i c i e n t s  f o r  each o f  th e  p a ra m e te rs  
a re  l i s t e d  (T a b le  13) to  show w h ic h  o f  th e  in d e p e n d e n t v a r ia b le s  
c o n t r ib u te d  m ost in  e x p la in in g  th e  v a r ia t io n s  in  g ro w th .  In  g e n e ra l 
crown d e n s i t y  (X^. ) ,  and t o  a le s s e r  e x te n t  th e  num ber o f  n e ig h b o u r in g  
t r e e s  (X ^ ) a p p e a r to  be th e  m ost im p o r ta n t  v a r ia b le s .
In  few  c a s e s , how eve r, th e  number o f  c l im b e rs  ( X ^ ) ,  and th e  
number o f  t r e e s  w i t h in  a r a d iu s  o f  3 3 f t  (X^. ) ,  a p p e a r to  e x e r t  a 
c o n s id e ra b le  in f lu e n c e .
The s ig n i f ic a n c e  o f  th e  r e g re s s io n  c o e f f i c i e n t s  fou n d  fro m  
t - t e s t ,  w here t  = r e g re s s io n  c o e f f ic ie n t / s t a n d a r d  e r r o r  o f  th e  r e g re s s io n  
c o e f f i c i e n t ,  c o n f irm s  t h a t  X^., and to  a le s s e r  e x te n t  X ^ , e x e r t  
g e n e r a l ly  s t ro n g  n e g a t iv e  and p o s i t i v e  in f lu e n c e s  r e s p e c t iv e ly  on g ro w th  
o f  th e  s p e c ie s  a f f e c t e d .
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In many instances the influences of all the independent 
variables except those of are due to chance; and for those instances 
a linear relationship could exist between growth (y ) and X<_ if the 
other variables were dropped.
The general inferences listed below can be drawn from the 
results of the regressions:
(i) Forest stand factors other than trees and climbers in the 
vicinity of the subject tree, and crown density may be more important 
in exerting influence on growth in basal area of potential economic 
trees of species such as Chlorophora excelsa, Entandrophragma cylindricum, 
E. utile, E. candollei and Khaya anthotheca. There were not enough 
data to draw similar inferences on Mimusops djave. Lovoa trichilioides.
Term inaIia ivorensis and Mansonia altissima which were among the ten 
species not significantly affected by the regressions.
(ii) The inherent characteristics of certain species are such 
that some amount of isolation, however small, may be enough to induce 
growth through the lower girth classes.
(iii) Canopy density appears to be a critical factor in the growth 
of such fast growing and shade intolerant species as Triplochiton 
scleroxylon, Piptadeniastrum africanum, Turreanthus africanus,
Nesogordonia papaverifera, as well as slow growing trees such as Entandro­
phragma angolense, and Guarea cedrata.
(iv) Triplochiton scleroxylon appears to be sensitive to the effects 
of climbers in its early stages of growth. This may not be surprising 
as this species forms branches covered by dense foliage at a very 
early stage, under open conditions which also encourage the growth of 
climbers. Such climbers may cover the young trees and reduce the 
available light to the foliage.
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[ v )  P ip ta d e n ia s tru m  a fr ic a n u m  a p p e a rs  in t o le r a n t  t o  c o m p e t i t io n  
from  n e ig h b o u r in g  t r e e s  when i t  re a c h e s  th e  medium g i r t h  c la s s  o f  
5 - 7 f t ;  h o w e ve r, th e  e f f e c t  o f  canopy d e n s i t y  on i t  a t  t h i s  s ta g e  i s  
i n s i g n i f i c a n t .  The s o u rc e  o f  th e  c o m p e t i t io n  m ust t h e r e fo r e  be th e  r o o ts  
o f  th e  n e ig h b o u r in g  t r e e s .  T h is  s p e c ie s  i s  w id e ly  d i s t r i b u t e d ,  
e s p e c ia l ly  in  damp l o c a l i t i e s  [ I r v i n e ,  1 9 6 1 ); in  th e  medium g i r t h  c la s s  
when i t  a t t a i n s  r a p id  g i r t h  in c re m e n ts  i t  may r e q u ir e  s u f f i c i e n t  
n u t r ie n t s  in  s o lu t io n ,  and r o o t  c o m p e t i t io n  fro m  n e ig h b o u r in g  t r e e s  can 
have a v e r y  im p o r ta n t  in f lu e n c e  on th e  r a te  o f  g ro w th  a t  t h i s  s ta g e .
( v i )  In  i t s  e a r ly  s ta g e s  o f  g ro w th  [ t h a t  i s ,  in  th e  4.1-1 f t  g i r t h  
c la s s )  A n t i a r i s  a f r ic a n a  t h r i v e s  w e l l  in  th e  p re se n ce  o f  o th e r  s p e c ie s  
p ro v id e d  i t  o b ta in s  s u f f i c i e n t  l i g h t ,  b u t i t  i s  s e n s i t i v e  to  th e  e f f e c t s  
o f  c l im b e r s .  The num ber o f  n e ig h b o u r in g  t r e e s  and th e  number o f  
c l im b e rs  have h ig h ly  s i g n i f i c a n t  p o s i t i v e  and n e g a t iv e  in f lu e n c e s  
r e s p e c t iv e ly  on i t  w h i le  canopy d e n s i t y  has  a s i g n i f i c a n t  n e g a t iv e  
e f f e c t  on i t  a t  th e  e a r ly  s ta g e s  o f  g ro w th .  T h is  s p e c ie s  re g e n e ra te s  
b e s t in  more open f o r e s t s  o f  th e  ACA w here th e  lo w e r  s to r e y  may be 
s u f f i c i e n t l y  dense  t o  a c t  as a ca m o u fla g e  a g a in s t  b ro w s in g  a n im a ls  
and p e rh a p s  in s e c t  a t t a c k ,  and a t  th e  same t im e  e n a b le  i t  t o  o b ta in  
s u f f i c i e n t  o ve rh e a d  l i g h t .  H ow ever, such  a re a s  may enco u ra g e  th e  
g ro w th  o f  c l im b e r s  w h ic h  a re  l i k e l y  t o  choke  th e  young t r e e .
[ v i i )  S i l v i c u l t u r a l  management o f  th e  BTHF t r e e s ,  e i t h e r  in  n a tu r a l  
f o r e s t s  o r  in  man-made f o r e s t s  s h o u ld  pay s u f f i c i e n t  a t t e n t io n  to  th e  
c h a r a c t e r i s t i c s  o f  th e  v a r io u s  s p e c ie s  w i th  r e s p e c t  to  l i g h t  r e q u i r e ­
m ents and c o m p e t i t iv e  a b i l i t y  in  d i f f e r e n t  g i r t h  c la s s e s .
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Canopy openings occur naturally in the GTHF as a result of 
windfalls, disease, senescence, etc., and the assisted canopy openings 
of the TSS and of the cyclical fellings (sub-section 32) appear to 
he fundamentally right. The only problems with the application 
of these systems concern the type of canopy manipulation that satisfies 
the light requirements of the relatively shade tolerant but more 
valuable economic species and the shade intolerant but less valuable 
economic species.
(viii) The TCP currently in use appear to have been underestimated.
A minimum TOP of about 35 years for all economic class I trees between
7-9ft and 9-11ft girth classes and 40 years for Class II trees
between 5-7ft and 7—9ft girth classes would appear to be more appropriate.
2.4.5.6 Morphological Features of Some Selected Dominant 
(Emergent) Trees of Economic Importance
Morphological features of selected emergent trees of economic 
importance are presented in the form of girth, height and volumes 
derived from data obtained from measurements carefully made in felling 
areas in the GTHF (Table 14).
These fellings were geared to the export market in the form 
of sawlogs, and the trees felled were of optimum quality in terms of 
form and size. The data therefore give some indication of -
(i) the sizes of timber trees likely to be found in the GTHF;
(ii) individual tree volumes; and
(iii) waste in logging.
The plank buttresses may cover a perimeter of over 6m. 
although they may be about 3m high. The average crown heights are
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a' o u t th e  same as th e  average bo le  h e ig h ts ,  bo th  be ing  around 23m.
Crown d ia m e te rs  were n o t re co rd e d  bu t the se  may be up to  18m. f o r  these  
erne rgen t  t  ree  s .
The ta p e r  from above th e  b u t t re s s  to  below th e  crown f o r  
Khaya iv  o r  on s i s , Mimusops d .ja ve , Entandrophragm a a n g o le n se ,
E. c y l i r id r ic u m , a re  about 7cm/m, 6cm/m, 5cm/m and 6cm/m r e s p e c t iv e ly .
3 3Volumes v a ry  from  16m to  26m and waste in  lo g g in g  re p re s e n ts  15-33°/o 
o f  th e  t o t a l  vo lum es.
2 .4 .5 .7  Fauna o f  th e  GTHF
As w e l l  as t re e s  th e  GTHF a re  th e  homes o f  m i l l io n s  o f  
in s e c ts ,  b ir d s ,  r e p t i le s  and many sp e c ie s  o f  mammals, a l l  o f  w h ich  a re  
l in k e d  a t  v a r io u s  t r o p h ic  le v e ls  and h e lp  to  m a in ta in  th e  d iv e r s i t y  and 
s t a b i l i t y  o f  th e  fo r e s ts .
In s e c ts  and mammals a re  o f  g re a t  econom ic im po rtance  to  
Ghana and some a t te n t io n  i s  p a id  to  them be low :
In s e c ts  o f  th e  GTHF
In s e c ts  in  g e n e ra l a s s is t  in  p o l l in a t io n  o f  f lo w e rs ,  in  th e  
d is s e m in a t io n  o f  f r u i t s ,  a e ra t io n  o f  th e  s o i l ;  in s e c ts  and b a c te r ia  
a re  th e  decomposers and th e y  form  a v e ry  im p o rta n t l i n k  in  th e  
b io lo g ic a l  c y c le .
T e rm ite s  a re  v e ry  common and th e y  p la y  an im p o rta n t r o le  in  
th e  breakdown o f  le a f  l i t t e r ,  dead t r e e s ,  dead branches and tw ig s .
In  a d d it io n  to  te rm ite s  a re  th e  am bros ia  b e e tle s  b e lo n g in g  
to  two fa m i l ie s ,  th e  P la typ o d id a e  and th e  S c o ly t id a e  ( s h o r te r  and 
ro u n d is h ) .  The common sp e c ie s  a re  D o lio p yg u s  s p . ( P la t ip o d id a e ) and 
X y le b o ru s  s p . (S c o ly t id a e ) .
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The Am brosia b e e tle s  a t ta c k  f i r s t  th e  branches and then  th e  b o le s  o f  
f e l le d  t re e s  as w e l l  as s ta n d in g  b u t u n h e a lth y  t re e s  by m aking numerous 
p in h o le s  in  w h ich  th e y  in tro d u c e  th e  am bros ia  fungus on w h ich  th e y  fe e d . 
( B le tc h ly ,  1 96 1 ). The l i f e  c y c le  is  com p le te  in  3 -6  weeks, and th e y  
c o n tin u e  to  breed u n in te ru p te d  th ro u g h o u t th e  y e a r .
Annual t im b e r  lo s s e s  in  Ghana r e s u l t in g  from  am bros ia  b e e t le  
a t ta c k  on t im b e r  may run  in to  m i l l io n s  o f  d o l la r s .  T r ip lo c h i to n  
s c le ro x y lo n  is  e s p e c ia l ly  s u s c e p t ib le  to  a t ta c k .  I t  is  known th a t  
h ig h  m o is tu re  c o n te n t,  h ig h  te m p e ra tu re , and ch em ica l a t t r a c ta n t s  such 
as a lc o h o l p re d isp o se  t re e s  to  a t ta c k  by th e  b e e t le s .
Long horn  and Powder P ost b e e t le s  a ls o  a t ta c k  t im b e r  b u t th e y  
do n o t cause as much damage as th e  Am brosia b e e t le s .
Mammals o f  th e  GTHF
The mammals [T a b le  15) a re  th e  r e a l  fo r e s te r s  o f  th e  GTHF.
They c o l le c t  f r u i t s ,  dep u lp  them , p r e - t r e a t  them f o r  g e rm in a tio n  and 
d is s e m in a te  them; th e y  w ork th e  s o i l  and a t  th e  same tim e  manure and 
f e r t i l i z e  i t ;  th e y  consume enormous amounts o f  seeds and le a v e s  and 
th u s  t h in  th e  fo r e s ts  and m a in ta in  th e  s to c k in g  a t  a re a so n a b le  d e n s ity .  
The p e a c e fu l,  humid and s h e lte re d  c o n d it io n s  o f  th e  GTHF a re  th e  id e a l 
h a b ita ts  o f  the se  mammals w h ich  have c o n t r ib u te d  im m ensely in  th e  
c re a t io n  o f  tho se  c o n d it io n s .
In  a d d it io n  th e  mammals o f  th e  GTHF form  a v e ry  im p o r ta n t 
source  o f  p ro te in  to  m i l l io n s  o f  G hanaians.
2 .4 .5 .8 .  The GTHF as P a r t o f  th e  W orld E nv ironm ent
T h is  s u b -s e c t io n  is  in te n d e d  to  e x p la in  c e r ta in  fundam en ta l
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TABLE 15A Exchange of Substances in the Biosphere
ATMOSPHERE HYDROSPHERE LITHOSPHERE
EMBRACES 1
BIOSPHERE
ITS STRUCTURE
TOGETHER CREATE
GENETICALLY , GEOPHYSICALLY, TROPHICALLY 
LINKED LOCAL COMBINATIONS OF ATMOSPHERE, 
HYDROSPHERE AND LITHOSPHERE PRODUCE
INPUTINPUT
OUTPUTS
DISSOLVED»GASES, PEAT, 
HUMUS, BITUMEN, LITTER
HUMUS, 
MINER AÜS
HEAT, OXYGEN 
CARBON, ETC.
SOLAR
ENERGY
ENERGY
LIVING
MATTER(A)
ECOSYSTEMS t
BIOCOSMIC*
MATTER
BIOGENIC* I 
MATTER (B) ,f
BIOGENIC
MATTER
* BIOGENIC MATTER = Organic products created by Living matter, 
eg. coal, bitumen, combustible gases, peat, humus, litter.
* BIOCOSMIC MATTER = Mineral and other materials formed by living 
matter and biogenic matter combined, eg. gas composition in the 
lower layers of the atmosphere, sedimentary rocks, clay minerals, 
water.
(SOURCE: Derived from Contemporary Scientific
Concepts of Biosphere by Kovda)
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id e as  u n d e r ly in g  c o n s e rv a tio n  is s u e s , and th e  need to  m a in ta in  th e  
b u lk  o f  th e  GTHF as a n a tu r a l fo r e s t  w ith  as l i t t l e  d is tu rb a n c e  
as p r a c t ic a b le .
The GTHF form  p a r t  o f  ecosystem s w ith in  th e  b io sph e re  
(T a b le  15A ). Each ecosystem  is  th e rm o d y n a m ic a lly  open and i t  
abso rbs s o la r  e ne rg y , m in e ra l e lem ents  o f  ro c k s ,  atm osphere and 
w a te r to  produce energy and b io g e n ic  subs tances(K ovda , 1 968 ).
N a tu ra l ecosystem s a re  r e l a t i v e l y  s ta b le  compared w ith  those  
re v e rs e d , b u t even in  s ta b le  ecosystqm s a g ra d u a l p rocess o f  e v o lu ­
t io n  ta ke s  p la c e . New s p e c ie s  appear and o th e rs  d is a p p e a r, w ith  
each sp e c ie s  e x is t in g  f o r  some 30 m i l l io n  y e a rs .
The b iom ass, w h ich  is  th e  t o t a l  w e ig h t o f  orgamisms in  th e
ecosystem s, is  made up o f  p hy tob iom ass , zoobiom ass and m ic rob io m a ss .
The biomass o f  th e  w hole la n d  s u rfa c e  o f  th e  w o rld  is  e s tim a te d  a t  
12about 3x10 to n s , and o u t o f  t h i s  th e  zoobiom ass i s  e s tim a te d  as be ing  
le s s  than  1°/o o f  th e  phytob iom ass w h ich  makes up most o f  th e  w e ig h t.
Humid t r o p i c a l  fo r e s ts  l i k e  th e  GTHF c o n ta in  th e  la r g e s t  
amounts o f  phytob iom ass w h ich  is  o f  th e  o rd e r  o f  5QG to n s /h e c ta re  
and o v e r .
Each o rgan ism  and i t s  env iron m e n t exchange e lem en ts  in  th e  
form  o f  s o l id s ,  l iq u id s  and gases th ro u g h  t r o p h ic  le v e ls ,  d is in te g r a ­
t io n  o f  su bs ta nce s , e t c .  L iv in g  o rgan ism s ( in c lu d in g  man) c o n ta in  
about 65-70% o f  oxygen, 10% o f  hydrogen and 20-25% o f  o th e r  subs tances  
c h ie f l y  ca rb o n , a l l  o f  w h ich  a re  re c y c le d  among a n im a ls , t re e s  and 
m ic ro -o rg a n is m s . The humid t r o p i c a l  f o r & s t s ' l i k e  th e  GTHF have th e  
la r g e s t  d a i ly  p r o d u c t iv i t y  o f  abou t 10-20 grams ( .3 5 - ,7 0  ounce) o f
75
c a rb o n  p e r  sq u a re  m e tre . F o re s ts  in  g e n e ra l p ro d u ce  a b o u t 30% o f  
th e  a tm o s p h e r ic  o xyg e n . L ik e  a l l  e co sys te m s th e  GTHF p o sse ss  a 
c e r t a in  am ount o f  p l a s t i c i t y  and dynam ism m a in ly  because o f  t h e i r  
d i v e r s i t y .
They a re  a ls o  s u b je c t  to  p e r io d ic  n a t u r a l  o s c i l l a t i o n s  to  
w h ic h  a l l  o rg a n is m s  w i t h in  them a re  a d a p te d . H ow ever, i f  changes 
in  th e  e n v iro n m e n t a re  more e x tre m e  th a n  th e  n a tu r a l  o s c i l l a t i o n s  
th e n  th e  p l a s t i c i t y  b re a k s  down and d e t e r io r a t io n  s e ts  i n .  Such 
e x tre m e  changes  may be b ro u g h t a b o u t by th e  c u m u la t iv e  e f f e c t s  o f  
o f  th e  f o l lo w in g :
( i )  Road c o n s t r u c t io n  th ro u g h  p r e v io u s ly  u n d is tu rb e d
f o r e s t  w h ic h  i s  accom pan ied  by re m o v a l o f  many t r e e s  
and th e  p re d is p o s in g  o f  th e  f o r e s t  s o i l  t o  e r o s io n .
( i i )  L o o s e n in g  and c o m p a c tio n  o f  th e  f o r e s t  s o i l  a t
lo a d in g  s t a t io n s  and a lo n g  s n ig  t r a c k s  by m oving  
m a ch in e s , sa w lo g s  and human f e e t .
( i i i )  F lo o d in g ,  t u r b i d i t y  and a c c e le ra te d  a g e in g  o f  r i v e r s
and s tre a m s  caused by e ro d e d  s o i l s  fro m  ro a d s , lo a d in g  
s t a t io n s  and. s n ig  t r a c k s .
( i v )  F o u lin g  o f  th e  s u i t a b le  e n v iro n m e n t f o r  spaw n ing  f i s h
r e s u l t i n g  fro m  v a r ia t io n s  in  d e p th ,  v e lo c i t y ,  te m p e ra tu re ,  
s u i t a b le  c h e m ic a l c o n te n t  o f  w a te r  w h ich  can be caused 
by th e  a c c u m u la t io n  o f  s o i l ,  le a v e s  and b ra n ch e s  o f  
f e l l e d  t r e e s .
[ v )  D is tu rb a n c e  o f  w i l d l i f e  by th e  n o is e  caused by humans, 
f a l l i n g  t r e e s ,  m a ch in e s , as w e l l  as by p o l l u t i o n  o f  th e  
e n v iro n m e n t by p o is o n o u s  fu m e s .
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(vi) Fouling of the general forest environment by fossil
fuels, empty cans, worn-out parts of machinery, barks 
of trees, waste paper and plastics.
(vii) Extensive clearings of climatic climax forests and fires.
Such cumulative' effects can lead to the disappearance of 
certain species and animals long before their normal period of 
existence comes to an end. In addition they can destroy future 
recreational values such as waterfalls and rapids, virgin forest, 
and geomorphic features that attract all sorts of people who may 
go out into the GTHF to improve their health, recapture pioneer 
spirit, acquire knowledge, lead simple lives, relieve tensions, 
attain new perspectives, breathe fresh air, get physically tired
or satisfy their emotions (Hendee, 1969).
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2.5 ECONOMIC CONSIDERATIONS
In previous sections an attempt has been made to reveal the 
nature and the operations of ecological and biological factors that 
control the existence of the GTHF.
This section will consider the uses to which the forests 
are being put for the benefit of Ghanaians in particular, and the 
world in general.
The section has rightly been divided to deal with the
following:
(i) The objectives of Management and the Alternative 
uses of the GTHF.
(ii) Forest Industries and Markets and Market situation,
(iii) Supply and demand and forecasts of future supply and 
demand.
2.5.1 Objectives of Forest Management
The above is as outlined in the quotation below: "The
creation of permanent forest resources by reservation, either by 
central government or by local authority of suitably situated areas 
of forest or land desirable and suitable for afforestation of a total 
extent sufficient to supply the benefits necessary for the welfare 
of the people - indirect benefits in the form of preservation of 
water supplies,maintenance of climatic conditions favourable to the 
growth of the principal agricultural crops and minimization of 
erosion, and direct benefits in the form of sustained adequate supply 
of forest produce to meet actual and potential local requirements and 
the demands of the export trade."
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The main objectives as outlined above are rightly the 
welfare of the people of Ghana expressed in terms of social and 
economic benefits. The ultimate social benefits are good health and 
better expectation of life resulting from the supply of good drinking 
water, pure air and good food; and the economic benefits are 
increasing affulence resulting from the sale of timber and agricult­
ural products such as cocoa to countries outside Ghana and to Ghana 
itself. However, there are opportunity costs, of the land resource 
devoted to forestry , in terms of other uses. These are dealt with 
in the next section..
2.5.2 Alternative Uses of the GTHF
Soil conditions and legal position already dealt with show 
that some of the best agriculture soils are under permanent forest 
and that there is an increasing pressure for the release of forest 
land for farming. The fact that over 24,450 sq. miles (63,196 sq. Km) 
or over 77% of the GTHF are under permanent cocoa farms and bush 
fallow underscores the importance of competing uses,of the forest 
land, which have been listed below:
(i) Continuation of management as a natural tropical 
high forest.
(ii) Removal of Natural forest and establishment of forest 
plantations.
(iii) Removal of natural forest and its conversion to a 
mixture of cocoa farms and forest plantations.
(iv) Removal of the natural forest and its conversion 
to cocoa and food crop farms.
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( v )  Removal o f  th e  n a tu r a l f o r e s t  and i t s  c o n v e rs io n  in to  
o i l  palm and ru b b e r p la n ta t io n s .
( v i )  Removal o f  th e  n a tu ra l f o r e s t  and e s ta b lis h m e n t o f
o th e r  in d u s t r ie s  such as m in in g , t e x t i l e ,  e t c , in d u s t r ie s .
A l t e r n a t iv e  ( i i )  is  c u r r e n t ly  be ing  p ra c t is e d ,  a lo n g s id e  
th e  management o f  th e  n a tu ra l t r o p ic a l  h ig h  fo r e s ts  ( A l t e r n a t iv e  1) 
in  tho se  a re as  where th e  s to c k in g  o f  economic sp e c ie s  is  so poor 
as to  make them uneconomic to  r e ta in  as n a tu ra l fo r e s t s .  T h is  
com plem entary  a l t e r n a t iv e  w i l l  be b ro a d ly  t re a te d  under management 
system s (S e c tio n  3 ) .
A c c e s s ib i l i t y ,  p ro x im ity  to  f a c to r ie s  and m a rke ts , and 
r e la t i v e  cheapness o f  c o n v e rs io n  o f  e x is t in g  fa l lo w  a reas  to  a g r i c u l t ­
u r a l  p la n ta t io n s  such as o i l  palm and ru b b e r , p re c lu d e  th e  use o f  
perm anent f o r e s t  re s e rv e s  f o r  the se  c ro p s . An e x c e p tio n  is  th e  
Neung F o re s t re s e rv e  (6 4 .7 4  sq . m ile s  o r  167.68 s q . Km) w h ich  is  
lo c a te d  c lo s e  to  a ru b b e r fa c to r y  and a ls o  has an o ld  b u t s m a ll ru b b e r 
p la n ta t io n  w i t h in  i t .  However, t h i s  re s e rv e  has some diamond d e p o s its  
w h ich  p ro v id e  p r iv a te  e n te rp re u n e rs h ip  and a l t e r n a t iv e  employment to  
th e  r u r a l  p o p u la t io n  in  th e  a re a . M oreover, c o n t r o l  e x e rc is e d  by the  
F o re s try  dep a rtm e n t has re s u lte d  in  re d u c t io n  o f  w a te r t u r b i d i t y  
p rob lem s caused by diamond p ro s p e c t in g , to  a f a r  g re a te r  e x te n t  than  
th a t  o f  u n rese rve d  a re as  n e a rb y .
M in in g  f o r  g o ld  and manganese a re  im p o r ta n t b u t e x p e rie n ce  
from  Tarkwa and O buasi have shown th a t  n a tu r a l fo r e s ts  and m in in g  can 
c o - e x is t  to  t h e i r  m u tua l advan tage . A c c e s s ib i l i t y  and p ro x im ity  
r u le  o u t th e  e s ta b lis h m e n t o f  o th e r  in d u s t r ie s  and to w n s h ip s .
TABLE 16 C o n tr ib u t io n  o f  Cocoa to  th e  Ghanaian Economy
YEAR COCOA EXPGRTS 
(RAW BEANS)
EXPORT DUTY ON 
COCOA
PERCENTAGE 
DISTRIBUTION BY 
VALUE OF EXPORTS
QUANTITY VALUE VALUE PERCENTAGE COCOA TIMBER
IN IN IN OF INCLUDING LOGS
1000 MILLION MILLION GHANA COCOA PASTE AND
METRIC
TONS
CEDIS CEDIS
L
GOV'T
REVENUE
AND BUTTER SAWN
1962 4 29 .77 134.13 2 5 .0 16 .4 6 3 .3 11 .0
196.3 4 10 .46 135.54 2 9 .0 , 17 .2 6 6 .7 12.1
1964 388.11 136.23 2 9 .7 11 .7 6 4 .8 13 .0
1965 501 .90 136.48 19.7 7 .0 6 6 .6 11 .0
1966 3 97 .26 103.06 15.3 6 .6 6 2 .3 11 .3
1967 333 .25 130.67 3 4 .7 13.7 6 4 .9 9 .3
1968 334 .26 185.60 6 9 .7 2 3 .4 6 3 .4 8 .5
1969 307 .85 218 .56 98.1 2 9 .5 6 2 .9 10 .0
(S o u rce : Ghana G ovt. Economic Survey 1968)
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Cocoa fa rm in g  ( in  a l t e r n a t iv e s  ( i i i )  end ( i v ) )  i s  then  th e  most 
im p o r ta n t p o te n t ia l  u s e r o f  th e  fo r e s t  s o i l  re s o u rc e  to  compete 
w ith  th e  management o f  th e  GTHF as n a tu r a l fo r e s ts  ( a l t e r n a t iv e  i ) .
The average annua l o u t tu rn  o f  raw cocoa beans (T a b le  16) 
to g e th e r  w ith  cocoa p as te  and cocoa b u t te r  m anufac tu red  in  Ghana is  
abou t 420 ,000  lo n g  to n s  (426 ,720  m e tr ic  to n s ) .  The t o t a l  annua l 
p ro d u c t io n  o f  cocoa p a s te  and b u t te r  is  abou t 40 ,000  lo n g  to n s  
(4 0 ,6 4 0  m e tr ic  to n s ) .  The v a lu e  o f  e x p o r ts  o f  cocoa beans, cocoa 
p as te  and b u t te r  a n n u a lly  i s  abou t ^164  m i l l io n  and a p p ro x im a te ly  
10°/o o f  t h i s  revenue is  d e r iv e d  from  th e  m anu fac tu re  o f  cocoa pas te  
and b u t t e r .  The t o t a l  v a lu e  o f  th e  annua l e x p o r ts  o f  cocoa beans, 
p a s te  and b u t te r  re p re s e n ts  o ve r 60% o f  th e  t o t a l  e x p o r t  e a rn in g s  
w h ile  th e  t o t a l  v a lu e  o f  th e  annua l e x p o r t  e a rn in g s  from  saw logs, and 
lum ber re p re s e n ts  a p p ro x im a te ly  11% o f  the  t o t a l  annua l e x p o r t  ea rn ­
in g s  f o r  Ghana (T a b le  1 6 ) .
E x p o rt d u ty  on cocoa has accounted  f o r  abou t 7-29% o f  th e  
ann u a l revenue f o r  th e  c e n t r a l  governm ent.
About h a l f  th e  cocoa farm s in  f u l l  b e a rin g  s tage  a re  s i te d  
on m a rg in a l cocoa s o i l s  (T a b le  6 ) .  M oreover, on s im i la r  s o i l s  as 
w e l l  as on b e t te r  s o i l s ,  th e  cocoa farm s in  f u l l  b e a rin g  s tage  v a ry  
in  age and p r o d u c t iv i t y .  T h e re fo re  i t  i s  re a so n a b le  to  e s tim a te  
th e  ann u a l o u t tu rn  o f  cocoa beans p e r h e c ta re  a t  8751bs. (3 9 8 k g .) ,  
in s te a d  o f  th e  h ig h e r  f ig u r e s  in  ta b le  6 . On t h i s  b a s is  th e  
e f f e c t iv e  a rea  o f  cocoa farm s in  f u l l  b e a r in g  s tag e  is  a bou t 4200 
sq . m is . (1 ,0 7 5 ,2 0 0  h a . ) .
The t o t a l  amount o f  w ork on c le a n in g ,  h a rv e s t in g ,  bagg ing ,
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etc, in one hectare of mature cocoa farm is about 64.5 man-days per 
annum (llrquhart, 1955). Since farmers spend about one-third of 
their time on mature cocoa farms, the estimated number of people 
engaged directly on cocoa production in villages (excluding all 
those people who spend their time on young cocoa farms under 8 years 
old, and rehabilitation of old abandoned farms) is approximately 
693,000. Since some of these people spend part of the remaining 
two-thirds of their time on young cocoa and foodcrop farms, they 
also account for a large percentage of crops used as stable diet in 
the high forest zone of Ghana.
In addition there are some 10,000 persons engaged in 
buying, transporting cocoa by road, rail and sea.
Cocoa production has a strong backward linkage in the form 
of manufacture of cutlasses locally in Ghana and abroad. It also has 
a very important forward linkage in the manufacture of jute bags 
which are the only containers for cocoa beans. These bags are 
manufactured locally in Ghana. Cocoa production also has a 
tremendous stimulating effect on dwelling construction which absorbs 
over 60% of the fixed annual capital formation in Ghana, and employs 
thousands of artisans and labourers. These factors concerning the 
contribution of cocoa to the Ghanaian economy leave no doubt that 
cocoa growing is clearly a better alternative than the maintenance 
of the GTHF under permanent forest management.
The short-term effect of complete replacement of forests 
by cocoa could be a doubling, and perhaps tripling of the volume and 
value production level shown in Table 16 during the next 10—15 years.
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This could meet the ever-souring demands for cocoa products; 
but on the other hand it could, perhaps, create a slump in the 
marketing of cocoa if overproduction is, in fact, permitted.
A massive expansion in cocoa production might necessitate 
the importation of timber for building constructions in Ghana, and the 
laying off of many of the foresters, clerks and labourers engaged 
directly in forest management in Ghana (Table 31), and over 35,QGG 
technicians and labourers engaged in logging, sawmilling, transport­
ation of timber by road, rail and sea, not to mention the employees 
of the Ghana Timber Marketing Board (GTMB).
Despite the economic justification for the establishment 
of cocoa farms, there could be serious ecological consequences 
resulting from a massive clearing of the GTHF for cocoa production.
The long term effect of such a decision could mean that the suitable 
climatic conditions maintained by the natural forests for the growth 
and development of healthy cocoa and other food-crops could be 
adversely affected. This would result in the gradual decline of 
cocoa as an important export crop of Ghana. The thought of famine 
with the disastrous consequences that go with it, is enough to dismiss 
total clearing of the GTHF for cocoa production as a valid alternative 
to the maintenance of some 20% of it under permanent forest management
The alternative to pure cocoa plantations could be the 
establishment of mixtures of open-crowned economic species such as 
Entandrophragma angolense, Terminalia ivorensis, Triplochiton 
scleroxylon, etc, over a closed lower storey of cocoa trees. The
result would be a two-storied high forest containing a plagioclimax,
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c lo s e d ,  one s p e c ie s  la y e r  o f  cocoa  l y in g  be low  an open f o r e s t  o f  
few c l im a t i c  c l im a x  s p e c ie s .  The m u l t i - s p e c ie s ,  m u l t i - s i z e d ,  m u l t i -  
s t r u c tu r e d  n a tu r a l  f o r e s t  c o m m u n itie s  in  dynam ic e q u i l ib r iu m  w i th  
o th e r  b i o t i c  as w e l l  as c l im a t i c  and s o i l  f a c t o r s  o f  th e  h a b i t a t  
w ou ld  be l o s t  fo r e v e r ;  and gone w i th  them w o u ld  be th e  v e r t i c a l  
s ie v e  th e y  fo rm , f o r  a t  le a s t  20 m e tre s , a g a in s t  v i o l e n t  w ind  
movements to  m a in ta in  pe rm anen t m o is t  s o i l  c o n d i t io n s  and hum id 
a tm o s p h e re ; in s te a d  th e y  w ou ld  be re p la c e d  by an u n s ta b le  lo w  canopy 
o f  a b o u t 5 m e tre s  h ig h  fo rm ed e n t i r e l y  by cocoa  w h ic h  a ls o  p la c e s  
heavy demands on s o i l  f e r t i l i t y  and c re a te s  no e f f e c t i v e  b a r r ie r  
to  th e  movement o f  th e  n o r th - e a s t  t r a d e  w in d s  . I t  w ou ld  be 
u n w ise  t o  je o p a rd is e  th e  f u t u r e  o f  a s ta b le  cocoa  in d u s t r y  and 
a b u n d a n t fo o d  p r o d u c t io n  because o f  a s h o r t - te r m  b e n e f i t  w h ic h  on 
th e  b a s is  o f  r e c e n t  e x p e r ie n c e  e ls e w h e re  in  A f r i c a  c o u ld  r e s u l t  in  
th e  c o v e r in g  o f  th e  s k ie s  o f  Ghana w i t h  pe rm anen t haze [ in s te a d  o f  
r a in  c a r r y in g  c lo u d s )  by th e  h a rm a tta n  w in d s . The p r o t e c t iv e  r o le  
o f  th e  GTHF to  fo o d  c ro p s ,  cocoa  c ro p s ,  s o i l  and w a te r ,  ra n k s  so h ig h  
[ i n  te rm s  o f  s o c ia l  b e n e f i t s )  t h a t  n o t  o n ly  s h o u ld  f o r e s t s  
s t r a t e g i c a l l y  lo c a te d  to  s e rv e  th e  s ta te d  o b je c t iv e s  be managed as 
n a tu r a l  f o r e s t s ,  b u t a ls o  i t  s h o u ld  be made p o s s ib le  to  e s ta b l is h  
f o r e s t s  in  a re a s  w here s o i l  d e n u d a tio n  and w a te r  t u r b i d i t y  a re  on 
th e  in c re a s e ,  in  b o th  th e  GTHF and in  th e  GSW.
TABLE 17 Components o f  th e  F o re s t In d u s t r y
NO. TIMBER INDUSTRY PROPER COTTAGE INDUSTRY
PRODUCERS
OF
BUYERS CONTROL USERS PRODUCERS
OF
USERS
1 Logs Log
E x p o rte rs  
and Saw­
m i l ls
T im ber 
In s p e c t io n  
Branch o f  
F o re s try
M a in ly  
W estern 
Europe & 
Shanaians
Firewood G hanaiar
P u b lic
2 Lumber Lumber 
E x p o rte rs  
and L o ca l 
R e ta i le r s
D epartm ent ■ 
and GTMB I I C harcoa l Ghanaian
P u b lic
3 Veneer
and
Plywood
Veneer + 
Plywood 
E x p o rte rs  
and L o ca l 
R e ta i le r s
f t f t Chewing
S t ic k
Ghanaian
P u b lic
4 Mine 
T im ber
Gold
Mines
Mines in  
Ghana
M o rta r
and
P e s tle
Ghanaian
P u b lic
5 R a ilw ay
S le ep e rs
Ghana
Govern­
ment
Ghana
R a ilw ays
Cane
Basket
Ghanaian
P u b lic
6 C a rv in g s Ghanaian 
P u b lic  (
7 Palmwine Ghanaian
P u b lic
8 Q u a rr ie d
S tones
Ghanaian
P u b lic
9 Game 
A n im a ls
Ghanaian
P u b lic
10 H e rb a l 
M ed ic ine
Ghanaian
P u b lic
11 O the rs
(SOURCE: From P erson a l E xp e rie n c e )
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2.5.3 Forest Industries Connected with the Management of the
G l HF
Those industries which concern the production of sawlogs, 
veneer and plywood, mine timber, railway sleepers, firewood, 
charcoal, etc. (Table 17) are discussed in the following sub-sections.
2.5.3.1 Sawlog Production
All areas carrying timber trees must first be acquired 
by Timber Producers (Concessionaires) as concessions before 
arrangements for logging can take place.
It is the responsibility of the concessionaire to
(i) search for the potential timber land which shoüild not 
be covered by any Felling Agreement (also called 
Concession Agreements) at the time the land is found,
(ii) arrange for the preparation of Felling Agreement which 
should be signed by the Minister responsible for 
Lands on the advice of Forestry and Lands Departments,
(iii) register the Felling Agreement as a Legal Document, 
and
(iv) deposit two copies of the Felling Agreement with the 
CCF.
Logging should not normally begin until the CCF has 
authorised the allocation of specific annual coupes. In the cese 
of Forest Reserves such authority is given only after the WP has 
been prepared and approved by the CCF. In the case of unreserved 
forests concession reports must first be approved by the CCF before 
the authority may be given; these concession reports must be pre­
pared by the District Forest Officer. However, the number of Felling
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Agreements covering potential timber lands in unreserved forests 
at any one time has been so great that it has not been practicable 
to prepare concession reports to enable the CCF to exercise control 
over fellings outside Forest Reserves.
The concessions may cover areas varying from 3sq. mis.
(8sq. km) to 50sq. mis. [130 sq.km), or even more, and they may be 
held for a period of 3-25 years or more during which the concession­
aire pays annual rents.
Logging operations involve the removal of about 5-10 trees 
per hectare in Forest Reserves. This may be equivalent to the
3removal of about 78-156m per hectare. Outside Forest Reserves 
concessionaires fell all timber trees that can be converted into 
lumber, veneer and plywood.
When well organised logging is preceded by enumeration of 
merchantable trees and topographical surveys, road construction, 
preparation of loading stations and campsites. Felling and 
extraction are carried out in a ^-sq.ml. [l.30sq.km.) block at a 
time, and there may be at least 1-1^ miles [1.6-2.4Km) of road per 
square mile depending on the nature of the terrain, stocking density, 
and accessibility. Each loading station may measure 200ft. x 300ft. 
[61 x 92m.), and it is usually located in areas with high concentrat­
ions of merchantable trees. Snig tracks [hauling tracks) radiate from 
the loading stations to the felling areas. Fellings are done with 
power saws by a team of two men felling about 15 trees on an 8 hour 
day - this may amount to at least 80 tons of timber per day.
The sawlogs are hauled with winches and logging arches to 
loading stations for debarking with axes, and then loaded on to
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tru c k s  w ith  th e  a id  o f  th e  h ig h  le a d  system . Sawlogs f i n a l l y  
f in d  t h e i r  way to  s a w m ills ,  venee r and plywood m i l l s  o r  to  c o u n tr ie s  
o ve rse a s . (T a b le  1 8 ).
2 .5 .3 .2  Lumber P ro d u c tio n
Most t im b e r  f irm s  commence bus iness  as saw log p ro du ce rs  
and th o se  w h ich  become w e li e s ta b lis h e d  may expand o p e ra t io n s  in to  
s a w m il l in g .  Lumber fe tc h e s  a h ig h e r  p r ic e ,  and i t s  s tro n g  back­
ward l in k a g e  h e lp s  to  in tro d u c e  p ro d u ce rs  to  th e  b us iness  com plex­
i t i e s  o f  th e  t im b e r  w o r ld .
S a w m ills  range from  tho se  u s in g  o n ly  s m a ll m o b ile  c i r c u la r  
saws o r  w a te r-c o o le d  b u t f ix e d  c i r c u la r  s a w s ,th ro u g h  numerous s m a ll 
m i l l s  w ith  band saws and gang saws ( u s u a l ly  bought secondhand from  
E u ro p e ), to  la rg e  and w e l l  o rg a n ise d  m i l l s  such as those  o f  
G lik s te n  (WA) L td .  and A f r ic a n  T im ber and Plywood L td .  The la rg e  
m i l l s  have lo g  ponds, lo g  y a rd s , band saws, gang saws, e dg e rs , 
c i r c u la r  saws, g ra d in g  s e c t io n ,  k i ln s ,  s a le s  re p re s e n ta t iv e s  in  
v a r io u s  c o u n t r ie s ,  hous ing  f o r  em ployees, la rg e  t im b e r  c o n ce ss io n s , 
e tc .  The d a i l y  consum ption  o f  th e  la r g e r  m i l l s  may be as h ig h  as 
1 0 ,0 0 0 c u . f t .  (283M3 ) o f  sa w lo gs .
The b e s t q u a l i t y  lu m ber, w h ich  may be graded as F i r s t s  
and Seconds (FA S ), No . 1 Common, S e le c ts ,  Prim e F lo o r in g  S t r ip s ,  
B locks  and S c a n t l in g s ,  and F l i t c h e s ,  e tc ,  a re  u s u a lly  e x p o rte d .
T ab le  18 g iv e s  th e  q u a n t i t ie s  o f  lum ber p roduced , e xp o rte d  and 
lo c a l l y  consumed in  th e  p e r io d  1966-1972.
2 .5 .3 .3  Veneer and Plywood P ro d u c tio n
T h is  is  th e  most c a p i t a l  in te n s iv e  s e c to r  o f  th e  in d u s t r y ,
and i t  re q u ire s  a c o n s id e ra b le  m a n ag e ria l e x p e r t is e .  The two
90
la r g e  f i r m s  p r e v io u s ly  m e n tio n e d  ( s u b - s e c t io n  2 . 5 . 3 . 2 )  and a few  
o th e rs  such as N a ja  D a v id  a re  in v o lv e d  in  v e n e e r and p lyw ood  
p r o d u c t io n .
The m i l l s  a re  u s u a l ly  m odern , w i th  s te a m in g  p i t s  f o r  
sa w lo g s  o f  E n tand ro ph ragm a  c y l in d r ic u m , E_. a n g o le n s e , E . c a n d o l le i ,  
T a r r i e t i a  u t i l i s , T u r re a n th u s  a f r ic a n u s  and G uarea c e d r a ta .
T h e ir  te c h n o lo g y  in c lu d e s  use o f  s l i c e r s  o r  p e e le r s ,  c l ip p e r s ,  s o r t e r s ,  
r o l l e r  b e a r in g  d r i e r s ,  c o re  p lu g g e rs ,  e d g e rs , g lu in g  m a ch in e s , 
p re s s e rs ,  s a n d e rs , s iz e r s ,  e t c .
They em p lo y  w e l l  t r a in e d  te c h n ic ia n s  and saw d o c to r s .
A nnual p ro d u c t io n  p e r  m i l l  v a r ie s  fro m  1 4 ,5 0 G c u . f t .  (4 1 0 .5 3 M ^ ) to  
4 9 4 ,4 8 0 c u . f t . ( 1 4 ,000M3 ) .
The b e s t g ra d e s  o f  p lyw ood  -  m a r in e , g o ld ,  s i l v e r  o r  
3 -  s t a r ,  2 -  s t a r  and 1 -  s t a r  g ra d e s , as w e l l  as th o s e  o f  v e n e e r, 
go to  th e  e x p o r t  m a rk e t .  T a b le  18 g iv e s  th e  t o t a l  p r o d u c t io n  and 
co n s u m p tio n  o f  v e n e e r  and p lyw ood  f o r  th e  p e r io d  1 9 6 6 -1 9 7 2 . T a b le s  
22 and 23 g iv e  th e  l i s t  o f  m a jo r  s p e c ie s  used f o r  v e n e e r and 
p lyw ood  as w e l l  as lu m b e r .
2 . 5 . 3 . 4  M ine T im b e r and R a ilw a y  S le e p e rs
M ine t im b e r  f o r  use in  th e  G b u a s i, T a rkw a , B ib ia n i ,  P re s te a , 
and Konongo G old M in e s , and r a i lw a y  s le e p e rs  r e q u ir e d  by th e  Ghana 
R a ilw a y s , fo rm  a s m a ll p e rc e n ta g e  o f  th e  t im b e r  p ro d u c e d . B o th
I
use s p e c ie s  such as  C y l ic o d is c u s  g a b u n e n s is , S tro m b o s ia  g la u c e s c e n s .
C h lo ro p h o ra  e x c e ls a ,  P ip ta d e n ia s tru m  a f r ic a n u m , N auc lea  d i d e r r i c h i i ,
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L o p h ir a a la ta  w h ich  have h ig h  d e n s i t y  and s t r e n g th ,  and re sp o n d  
to  p r e s e r v a t iv e  t r e a tm e n t .
M ine t im b e r  and r a i lw a y  s le e p e rs  demand r i g i d  
s p e c i f i c a t io n s  as to  s t r e n g th ,  s iz e s ,  to u g h n e ss  and d u r a b i l i t y ,  and 
o n ly  few  r e l i a b l e  s a w m ills  can p ro d u ce  them . H igh  t r a n s p o r t  c o s ts  
l i m i t  th e  d is ta n c e  f o r  th e  s u p p ly  o f  m ine t im b e r ,  and O b u a s i G old  
M ines have had to  e s ta b l is h  Teak and E u c a ly p t  P la n ta t io n s  as a 
s o u rc e  o f  t h e i r  m ine t im b e r  s u p p ly .  R a ilw a y  s le e p e rs  have a 
b e t t e r  m a rk e t and may become an im p o r ta n t  e x p o r t  t im b e r  in  f u t u r e ;  
f o r  exam ple  E g y p t i s  in te r e s te d  in  b u y in g  r a i lw a y  s le e p e rs  from  
Ghana.
2 . 5 . 3 . 5  C o tta g e  I n d u s t r ie s
A c o n s id e ra b le  number o f  p e rso n s  in  th e  r u r a l  p o p u la t io n  
o f  some 7 m i l l i o n  depends p a r t l y  f o r  s u b s is te n c e  on some p o t ta g e  
in d u s t r y ,  p a r t i c u l a r l y  th o s e  s e c to r s  o f  th e  in d u s t r y  based on th e  
e x is te n c e  o f  a n a tu r a l  t r o p i c a l  h ig h  f o r e s t .
Such in d u s t r ie s  su p p le m e n t fa rm  re v e n u e , and th e y  a re  
p a r t i c u l a r l y  im p o r ta n t  d u r in g  o f f - s e a s o n  p e r io d s  f o r  fa rm in g .
Some o f  th e s e  in d u s t r ie s  d a te  back to  a n c ie n t  t im e s  b u t 
s u r p r i s in g ly  have k e p t pace w i th  modern d e ve lo p m e n ts  and may be h ig h ly  
c o m p e t i t iv e  w i t h  p ro d u c ts  o f  modern i n d u s t r i a l  te c h n o lo g y .  Many 
exam ples can be c i t e d  -  The w ig  s u p p o r t ,  t r a v e l l i n g  and sh o p p in g  
bags, bo xe s , g a rb a g e  b a s k e ts ,  b a b ie s  c o ts ,  h o te l  easy  c h a i r s ,  e t c ,  
a re  made by s k i l l e d  c ra f ts m e n  in  r u r a l  a re a s  fro m  c l im b in g  s p e c ie s  
o f  palm ae such as A n c is t r o p h y l lu m  opacum , A . s e c u n d if lo ru m , Calamus 
d e e ra tu s .  B a s k e ts  made fro m  th e  o i l  palm  t r e e  f E la e is  g u ln e e n s is  
and th e  ra p h ia  pa lm  fR a p h ia  h o o k e r i ) a re  in d is p e n s a b le  c o n ta in e r s
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to  a l l  ty p e s  o f  fa rm e rs .  C arved s t o o ls ,  k i t c h e n  u t e n s i l s ,  combs, 
w a lk in g  s t i c k s ,  a re  common h o u se h o ld  ite m s  made from  A ls to n ia  
b o n n e i, H o la r rh e n a  w u l f s b e r g i i  and many o th e r  s p e c ie s .  Many 
G hana ians w i l l  n o t ta k e  b r e a k fa s t  o r  r e t i r e  f o r  th e  n ig h t  w i th o u t  
f i r s t  c le a n in g  t h e i r  t e e th  w i th  ch e w in g  s t i c k  p roduced  from  
G a rc in ia  c o la , T r i c h i l i a  s p p . ,  e t c .  T here  w ou ld  be a few  homes 
in  Ghanei in  w h ich  th e  m o r ta r  and p e s t le ,  used f o r  fo o d  p r e p a r a t io n ,  
c a n n o t be fo u n d . The m o r ta r  i s  u s u a l ly  c a rv e d  fro m  N a uc lea  
d i d e r r i c h i i , and th e  p e s t le  i s  made frbm  C e l t i s  and M orus s p p .
Palm w in e , w h ic h  i s  a common f i l l i n g ,  r e f r e s h in g  and 
r e la x in g  d r in k  o f  th e  g e n e ra l p u b l ic ,  i s  p ro d u ce d  fro m  th e  o i l  palm  
t r e e  and th e  r a p h ia  p a lm . A lm o s t a l l  s p e c ie s  in  th e  GTHF a re  
in v o lv e d  in  one way o r  th e  o th e r  in  p r e p a r a t io n  o f  h e rb a l m e d ic in e s ; 
many have p o w e r fu l c u r a t iv e  pow ers and a re  even used in  some hosp­
i t a l s  a lo n g s id e  modern e x t r a c t i v e s .  The p ro d u c t io n  o f  dyes  end 
ta n n in g ,  r u b b e r ,  sponge , s p ic e s ,  o i l s ,  fa rm  p o le s ,  honey , and th e  
s u p p ly  o f  m a te r ia ls  f o r  d w e l l in g  c o n s t r u c t io n  in  v i l l a g e s  as w e l l  as 
bushm eat, f i s h ,  s n a i ls  and f r u i t s ,  fe te , depend on th e  perm anen t 
f o r e s t  e s ta te  f o r  a s u s ta in e d  s u p p ly  o f  raw  m a te r ia ls .  W ith o u t 
th e s e  raw  m a te r ia ls  th e  s e l f - s u f f i c i e n t  r u r a l  d w e l le r  w o u ld  be a
burden  to  th e  Ghana g o v e rn m e n t.
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2.5.4 Markets and Market Structure
2.5.4.1 Markets
Ghana timber is sold in the form of sawlogs, lumber, 
veneer and plywood to two important markets, namely, the local 
Ghanaian Market and the Export Market. Data for the period 
1966-1972 (Table 19) indicate that approximately 59% of the annual 
production of sawlogs go to mills in Ghana, and about 39% of the 
lumber produced locally in Ghana is sold to Ghanaians. The 
quantity of veneer and plywood sold to Ghanaians is generally 
small compared with the quantities of sawlogs and lumber also sold 
locally; but while the local market for sawlogs has remained fairly 
stable and that of lumber has shown a slight decline during the 
seven year period (Table 19), the market for veneer and plywood has 
increased from 12% of the total production of veneer and plywood in 
1966 to 45% in 1972 (Table 18).
The Export Market absorbs reasonably large quantities of 
Ghana timber. The data for 1966-1972 (Table 19) indicate that 
about 40% of the total production of sawlogs and about 6G% of the 
total production of lumber are exported.
The most important export market is Western Europe which 
buys about 76% of the total sawlog exports and 65% of the total 
lumber exports. The Western European market is important not only 
to Ghana, but also to the other West African countries, and indeed 
to other countries such as Malaysia that export tropical hardwoods 
(Table 20). In fact Ghana’s share of the total annual West 
African sawlog export to Western Europe is about 11%, and that of
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lumber is approximately 38%.
Seven West European countries are the main buyers of 
Ghana and West African timber. Data for 1967-1968 (Table 21 ) 
giving the break-down of West African hardwood exports to Western 
Europe indicate that West Germany, France and Italy absorb large 
quantities of West African hardwoods in the form of sawlogs, and 
that the United Kingdom buys about half the total annual produc­
tion of lumber from the four main West African countries that 
export lumber.
The most important markets for Ghana sawlogs are again 
Western Germany and Italy; the United Kingdom is the most 
important market for Ghana Lumber (Table 21).
Other countries that import Ghana timber are the United 
States, Eire, Finland, China, Japan, New Zealand, etc; and some 
timber deficient countries in Africa. The United States imports 
about 8-10% of the total lumber production in Ghana. The African 
market for Ghana timber is relatively undeveloped. Many factors 
have contributed to this. Among them are:
(i) The attractions of the European and United States
markets in the form of machinery and equipment, and 
(ii) Financial complications affecting foreign exchange 
transactions between Ghana and those African 
countries that may import timber.
2.5.4.2 Market Structure
The market for Ghana timber operates at four levels,
namely,
TABLE 22 -  R o y a lty  Rates f o r  Economic S pec ies  in  C ed is
SPECIES
ECONOMIC
CLASS
ROYALTY RATE 
PER TREE IN i
C h lo ro p h o ra  e x c e ls a la (Z$16
E ntandrophragm a ango lense t i 6
Entandrophragm a c y lin d r ic u m f t 16
Entandrophragm a u t i l e f f 12
Khaya a n th o th e ca I f 16
Khaya g r a n d i f o l io la f f 16
Khaya iv o re n s is vv 16
Mirnusops d ja v e f f 10
N auclea d i d e r r i c h l i 11 8
P e r ic o p s is  e la ta lb 28
Lovoa t r i c h i l i o i d e s f f 8
T e rm in a lia  iv o re n s is f f 8
T r ip lo c h i t o n  s c le ro x y lo n f f 8
T a r r ie ta  u t i l i s Ic 8
Entandrophragm a c a n d o l le i I  la 8
Guarea c e d ra ta f f 8
Guarea th o m p s o n ii f f 8
L o p h ira  a la ta f f 8
P ip ta d e n ia s tru m  a fr ic a n u m i t 6
A n t ia r is  a f r ic a n a l i b 6
M ansonia a l t is s im a f f 6
N esogordon ia  p a p a v e r ife ra f f 6
T u rre a n th u s  a fr ic a n u s t i 6
G u ib o u r t ia  e h ie f f 6
O th e rs 6
$ l ( A u s t . )  = ^1 .57 (m arch 1 97 5 ).
(SOURCE: W.P. R ecords, Ghana)
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( i )  The Stumpage m a rk e t,
( i i )  The Lumber m a rk e t,
( i i i )  The V eneer and P lyw ood m a rk e t,
( i v )  The r e t a i l  m a rk e t f o r  lu m b e r , v e n e e r and p ly w o o d .
The S t r u c tu r e  o f  th e  Stumpage M a rk e t
The Stumpage m a rk e t i t s e l f  o p e ra te s  a t  tw o  le v e ls ,  n a m e ly , 
( i )  The R o y a lty  M a rk e t,  and 
( i i )  The Saw log M a rk e t.
A t th e  R o y a lty  M a rk e t t im b e r  i s  s o ld  in  th e  fo rm  o f  
u n to u ch e d  s ta n d in g  t r e e s  a t  f ix e d  r o y a l t i e s  (T a b le  2 2 ) by th e  
F o r e s t r y  D e p a rtm e n t in  th e  case  o f  F o re s t  r e s e r v e s ,  and by th e  Lands 
D e p a rtm e n t in  u n re s e rv e d  f o r e s t s .  The b u y e rs  a re  th e  saw log  
p ro d u c e rs  ( s u b - s e c t io n  2 . 5 . 3 . 1 ) .  The r o y a l t i e s  a re  f ix e d  by la w  
and th e  c u r r e n t  r a te s  have been in  o p e ra t io n  f o r  a t  le a s t  10 y e a rs .  
The r o y a l t i e s  a re  th e  same f o r  th e  same s p e c ie s  i r r e s p e c t i v e  o f  
s iz e  and l o c a t io n .  The r o y a l t y  m a rk e t in  e f f e c t  re p re s e n ts  a 
s i t u a t io n  in  w h ic h  b o th  s u p p ly  and demand a re  p e r f e c t l y  e l a s t i c .
The Saw log M a rke t can be d iv id e d  in t o  tw o , i . e .
( i )  The M a rke t f o r  L o c a l m i l l s ,  and
( i i )  The e x p o r t  m a rk e t.
The lo w e r  g ra d e  o f  sa w lo g s  w h ich  have many n a tu r a l  and 
se a s o n in g  d e fe c ts  such  as e c c e n t r ic  h e a r t ,  d o u b le  h e a r t ,  bends, bumps, 
f l u t e s ,  k n o ts ,  in g ro w n  b a rk ,  h e a r t  r o t ,  r in g  s h a ke s , cup s h a ke s , 
r a d ia l  s h a k e s , s t a r  s h a k e s , e t c ,  go to  th e  l o c a l  m i l l s .  The 
v e n e e r and p lyw ood  m i l l s  a b s o rb  th e  s l i g h t l y  b e t t e r  m a te r ia l  o u t 
o f  t h i s  and th e  r e s t  o f  th e  sa w lo g s  go to  th e  s a w m il ls .
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T h e re  a re  a b o u t s ix  la r g e  and e f f i c i e n t  m i l l s  w i th  
c o n s id e ra b le  econom ies o f  s c a le .  These m i l l s  a re  j o i n t l y  owned by 
th e  G overnm ent o f  Ghana and some West E uropean f i r m s ,  and a t  le a s t  
th re e  o f  th e s e  m i l l s  p ro d u ce  b o th  v e n e e r and p lyw ood  as w e l l  as 
lu m b e r . These la r g e  m i l l s  p ro d u ce  t h e i r  own sa w lo g s  from  
c o n c e s s io n s  owned by them ( s u b - s e c t io n  2 . 5 . 3 . 1 ) ,  b u t th e y  a ls o  
augm ent t h e i r  own p r o d u c t io n  by th e  p u rc h a s e  o f  a p r o p o r t io n  o f  
t h e i r  saw log  re q u ire m e n ts  fro m  th e  la r g e  num ber o f  G hanaian 
Saw log P ro d u c e rs .
The r e s t  o f  th e  p o o r g ra d e  o f  sa w lo g s  goes to  s m a ll 
s a w m il ls  b e lo n g in g  t o  G h a n a ia n s , S y r ia n s  and L eban ese . The 
S y r ia n s  and Lebanese n o rm a lly  do n o t own t im b e r  c o n c e s s io n s , and 
th e y  m ust buy a l l  th e  sa w lo g s  consumed in  t h e i r  s a w m il ls .
H ow ever, th e s e  S y r ia n s  and Lebanese as w e l l  as th e  f i r m s  o p e ra t in g  
th e  la r g e  m i l l s  may own th e  p la n t  and e q u ip m e n t u s e d , in  f e l l i n g  
and e x t r a c t io n  and t r a n s p o r t a t io n  o f  sa w lo g s  to  th e  m i l l s ,  by 
th e  G hanaian saw log  p ro d u c e rs .  The m i l l e r s  a re  t h e r e fo r e  a b le  to  
buy sa w lo g s  a t  t h e i r  own p r ic e s .  S in c e  each m i l l  buys sa w lo g s  from  
a s e t  o f  p ro d u c e rs  u s in g  p la n ts  and e q u ip m e n t owned by th e  m i l l ,  th e  
m i l l e r s  i n d i v i d u a l l y  r e p re s e n t  m o n o p s o n is ts .
The e x p o r t  m a rk e t f o r  sa w lo g s  i s  th e  more im p o r ta n t  
s in c e  i t  i s  r e s t r i c t e d  to  th e  b e t t e r  g ra d e  o f  s a w lo g s .
A l l  s a w lo g s  a re  c a r e f u l l y  in s p e c te d  by th e  p ro d u c e rs  
and up to  20% o f  th e  t r e e s  f e l l e d  may be c o n s id e re d  as w o r th le s s  
and th e r e fo r e  l e f t  in  th e  f o r e s t  to  r o t  (T a b le  13 re c o rd s  some 
n o n - u t i l i z a b le  v o lu m e s ) .  A t th e  saw log  m a rk e t th e  sa w lo g s  a re
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f u r t h e r  in s p e c te d  by th e  F o r e s t r y  D e p a rtm e n t and o n ly  th e  b e s t 
g ra d e s  o f  s a w lo g s , i e .  g ra d e s  I  and I I ,  d e p e n d in g  on th e  n a tu r a l  
c h a r a c t e r i s t i c s  o f  th e  s p e c ie s ,  a re  passed as s u i t a b le  f o r  e x p o r t  
in  th e  lo g  fo rm . S in c e  th e s e  e x p o r t  lo g s  re p re s e n t  a b o u t 40% o f  
th e  t o t a l  u t i l i z a b l e  vo lum e o f  s a w lo g s , th e y  in  e f f e c t  re p re s e n t  
a b o u t 32% o f  th e  t o t a l  t im b e r  vo lum e c u t  in  th e  f o r e s t .  The 
f i r m s  w h ic h  own th e  la r g e  m i l l s  e x p o r t  sa w lo g s  to  t h e i r  p a re n t  
com pan ies  in  W estern  E u ro p e . These e f f i c i e n t  f i r m s  may have 
s t r o n g  l i n k s  w i th  th e  West A f r ic a n  C o n fe re n c e  L in e s  [The  S h ip p in g  
S y n d ic a te  t h a t  c o n t r o ls  sea c a rg o  movements between W este rn  Europe 
and W est A f r i c a )  and e x p o r t  o f  sa w lo g s  may n o t  be a g r e a t  p ro b le m .
The la r g e  num bers o f  s m a ll G hanaian f i r m s  w h ic h  p ro d u ce  
sa w lo g s  s e l l  e x p o r t  sa w lo g s  to  th e  "R e s id e n t B u y e rs " .  The 
r e s id e n t  b u ye rs  a re  e x p e r ie n c e d  bus inessm en who a re  th e  lo c a l  
r e p r e s e n ta t iv e s  o f  f i r m s  u s u a l ly  based in  W este rn  E u ro p e ; th e y  
may each  p u rch a se  e x p o r t  sa w lo g s  in  one c o u n t r y  o r  w i t h in  th e  West 
A f r ic a n  r e g io n .  These r e s id e n t  b u y e rs  a re  k e p t w e l l  im fo rm ed 
a b o u t p ro d u c t io n  le v e ls  and p r ic in g  o f  sa w lo g s  in  th e  I v o r y  C o a s t, 
Cam eroon, N ig e r ia ,  Gabon, Congo B r a z z a v i l le ,  Z a ir e  and Ghana.
They a re  a ls o  u p - to - d a te  w i th  m a rk e t c o n d i t io n s  in  W este rn  Europe 
a t  any one t im e ,  c a rg o  s h ip  movements betw een West A f r ic a n  p o r t s  
and c o u n t r ie s  o v e rs e a s , and th e  le v e ls  o f  s t o c k p i le s  o f  sa w lo g s  
in  t h e i r  own c o u n t r ie s ;  and th e y  a re  a b le  t o  m a n ip u la te  th e  
saw log  m a rk e ts  o f  West A f r i c a  t o  t h e i r  own a d v a n ta g e .
P r ic e s  o f  sa w lo g s  may v a ry  fro m  a b o u t ^20  ($13  A u s t . )  
p e r  m e t r ic  to n  to  a b o u t ^120 ($76  A u s t . )  p e r  m e t r ic  to n  d e p e n d in g
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on s p e c ie s ,  g ra d e  and m a rk e t c o n d i t io n s .  P r ic e s  a re  n e g o t ia te d  
between th e  in d iv id u a l  G hanaian p ro d u c e r  and th e  r e s id e n t  b u y e rs , 
and even th o u g h  th e  demand f o r  t r o p i c a l  hardw oods i s  h ig h ,  y e t  a 
k in d  o f  o l i g o p o l i s t i c  in te rd e p e n d e n c e  e x is t s  among th e  r e s id e n t  
b u ye rs  to  e n su re  t h a t  p r ic e s  a re  k e p t to  th e  minimum and do n o t 
r i s e  beyond c e r t a in  le v e ls  a t  any one t im e .  The G hanaian p ro d u c ­
e rs  o f  e x p o r t  sa w lo g s  o p e ra te  on s m a ll f a m i ly  b a s is  and m a in ta in  
l i t t l e  c o n ta c t  w i th  o th e r  p ro d u c e rs ,  th o u g h  th e y  a l l  b e lo n g  to  an 
in d u s t r y  a s s o c ia t io n .  The i n i t i a l  c a p i t a l  o u t la y  o f  th e s e  f i r m s ,  
i n d i v i d u a l l y ,  may be v e r y  s m a l l ,  and l i q u i d i t y  p ro b le m s  a re  
common. T here  i s  v i r t u a l l y  no m a rke t i n t e l l i g e n c e ,  and no 
fo rw a rd  p la n n in g .  U nder th e s e  c o n d i t io n s  th e s e  G hanaian p ro d u c e rs  
o f  e x p o r t  sa w lo g s  c a n n o t in f lu e n c e  p r ic e s  to  any e x te n t .  Each 
o f  th e s e  many G hanaian f i r m s  p ro d u ce s  a s m a ll p r o p o r t io n  o f  th e  
t o t a l  demand o f  th e  b e s t q u a l i t y  e x p o r t  s a w lo g s  an d , in  e f f e c t ,  
o p e ra te s  on a p e r f e c t l y  c o m p e t i t iv e  m a rk e t.
The S t r u c tu r e  o f  th e  Sawn T im b e r M a rk e t
The Sawn t im b e r  ( lu m b e r )  m a rke t a ls o  o p e ra te s  a t  two 
le v e ls ,  t h a t  i s ,
( i )  The L o c a l G hanaian Sawn T im b e r M a rk e t,  and 
( i i )  The E x p o r t  M a rk e t f o r  Sawn T im b e r .
O ve rseas  b u y e rs  o f  Ghana lu m b e r p la c e  o rd e rs  q u o t in g  
p r ic e s  and s p e c i f i c a t io n s .  As f a r  as th e  la r g e  s a w m ills  a re  
co n ce rn e d  such o rd e rs  may come fro m  p a re n t com pan ies  o v e rs e a s .
I f  th e  s a w m il le r  a c c e p ts  th e  o rd e rs  th e  lu m b e r i s  p roduced  and th e  
b e s t g ra d e s  ( s u b - s e c t io n  2 . 5 . 3 . 2 )  a re  s o ld  to  th e  e x p o r t  m a rk e t.
In general the buyers overseas are well-informed about market 
conditions in their countries, and they indirectly dictate the 
prices. Because of the strong backward linkage of the industry 
as a whole the sawmillers may depend on the overseas buyers for the 
supply of plant and equipment for the sawmills. Under such 
conditions the buyers can impose further pressures on the saw- 
miller. An unfair business alliance can thus arise between the 
overseas buyer and the sawmiller; but the effects of such 
alliances may be minimised by the Ghana Timber Marketing Board 
(GTME)j which must first approve overseas orders before shipments 
can be made.
The Local Ghanaian Sawn Timber Market absorbs the lumber 
that is usually unsuitable for export.
At this market the behaviour of the sawmiller changes.
He is in constant contact with retailers who queue at the sawmills 
and literally beg for supplies of fresh green lumber from the 
production lines. Competition on the part of the sawmillers is 
virtually absent, and these sawmillers dictate the prices of lumber 
which are unnecessarily high. If the powers of the sawmillers, 
individually, are aggregated, then they constitute a monopoly 
power.
The Structure of the Veneer and Plywood Market
The local as well as the export markets for veneer and 
plywood are small compared with the sawlog and lumber markets.
It is in the veneer and plywood markets that quality differentia­
tions begins to emerge (sub-section 2.5.3.3). The quality
differentiation encourages competition which is perhaps not
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in te n d e d  to  fa r c e  any m a n u fa c tu re r  o u t o f  th e  e x p o r t  m a rk e t,  b u t 
to  h e lp  im p ro ve  th e  q u a l i t y  o f  th e  lo c a l  p ro d u c ts  so t h a t  th e y  
can com pete  in  th e  o v e rs e a s  m a rk e ts  w i th  s im i l a r  p ro d u c ts  made 
fro m  im p o r te d  Ghana o r  West A f r ic a n  s a w lo g s . The few p ro d u c e rs  
o f  v e n e e r and p lyw ood  in  Ghana and o th e r  West A f r ic a n  c o u n t r ie s  a re  
a ls o  w e l l  in fo rm e d  a b o u t m a rk e t c o n d i t io n s  o v e rs e a s , and th e y  a re  
a b le  t o  a c h ie v e  an o l i g o p o l i s t i c  in te rd e p e n d e n c e  and n o t p r ic e  
th e m s e lv e s  o u t  o f  th e  o v e rs e a s  m a rk e ts .
The L o c a l G hanaian M a rk e t f o r  v e n e e r and p lyw ood  is  
d i f f e r e n t  fro m  t h a t  o f  lu m b e r in  t h a t  w e l l  e s ta b l is h e d  lo c a l  r e t a i l  
com pan ies  w i th  c o n s id e ra b le  b u s in e s s  e x p e r ie n c e  buy th e  v e n e e r and 
p lyw ood  from  th e  m a n u fa c tu re rs .  The m a n u fa c tu re rs  a re  happy to  
g e t  r i d  o f  p o o re r  m a te r ia ls  and th e  b u y e rs  e n s u re  t h a t  th e  v e n e e r 
and p lyw ood  a re  p u rch a se d  a t  re a s o n a b le  p r ic e s  so t h a t  th e y  can 
make a s m a ll p r o f i t  a t  th e  r e t a i l  m a rk e t.
The S t r u c tu r e  o f  th e  R e t a i l  M a rk e ts
The r e t a i l  m a rk e ts  a f f e c t  th e  s a le  o f  lu m b e r, v e n e e r and 
p lyw ood  to  consum ers o f  th o s e  p ro d u c ts  in  Ghana and a b ro a d .
In  th e  o v e rs e a s  m a rk e ts  th e  o l i g o p o l i s t i c  in te rd e p e n d ­
ence o f  th e  few  d e a le r s  o f  t r o p i c a l  hardw oods i s  l i k e l y  t o  e n su re  
a d v e r t is in g  by a l l ,  p r ic e  f i x i n g  and p r o f i t  m a x im iz a t io n .
In  th e  L o c a l G hanaian m a rk e ts  r e t a i l e r s ,  u s u a l ly  
shrew d G hanaian women and some U pper V o l ta  n a t io n a ls  r e s id e n t  in  
Ghana, s e l l  lu m b e r o f  a l l  s iz e s  in  open m a rk e ts  t o  th e  G hanaian 
p u b l i c .  In  a d d i t io n  th e  s a w m il ls  make d i r e c t  s a le s  to  co n su m e rs . 
The demand f o r  sawn t im b e r  i s  h ig h  and b o th  th e  s a w m il le r s  and th e
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r e t a i l e r s  a re  aw are o f  t h i s .  The b u y e r has no c h o ic e  b u t to  a c c e p t 
a la r g e  am ount o f  p o o r lu m b e r and to  r e l y  on th e  in g e n u i t y  o f  
c a r p e n te r s .  M ost o f  th e  lu m b e r goes to  d w e l l in g  c o n s t r u c t io n ;  
h o w e ve r, th e  f u r n i t u r e  m a rk e t a b s o rb s  a s u b s t a n t ia l  amount o f  t h i s .  
P r ic e s  a re  d e te rm in e d  by th e  s a w m il le r s  and th e  r e t a i l e r s  who as 
a g ro u p  c o n s t i t u t e  m onopo ly  po w e r.
U n l ik e  th e  lu m b e r m a rk e t,  p r ic e s  on th e  v e n e e r and 
p lyw ood  m a rk e t a re  c o n s is te n t  and consum ers g e t  a re a s o n a b le  
am ount o f  s a t i s f a c t i o n .
2 . 5 . 4 . 3  S u p p ly  and Demand S i t u a t io n  f o r  T r o p ic a l  Hardwoods
The tw o  m ost im p o r ta n t  r e g io n s  in  te rm s  o f  t r o p i c a l  t im b e r  
c o n s u m p tio n  a re  W este rn  E urope and N o r th  A m e r ic a . B o th  re g io n s  
consume o v e r  70% o f  th e  t o t a l  w o r ld  p r o d u c t io n  o f  p lyw o o d , and i t  
has been e s t im a te d  t h a t  between them th e  tw o  re g io n s  w i l l  consume
3
a b o u t 2 7 .5  m i l l i o n  M o f  v e n e e r and p lyw ood  in  1975; demand in
th e  a g g re g a te  o f  t r o p i c a l  hardwood lu m b e r, v e n e e r and p lyw ood  and
o th e r  w ood-based  p a n e l p ro d u c ts  f o r  1975 i s  e s t im a te d  a t  3 2 -3 7  
3 3m i l l i o n  M as a g a in s t  17 m i l l i o n  M consumed by th e  w o r ld  in  1961 
(FAO, 1 9 6 7 ) . T h is  co n s u m p tio n  r a te  o f  t r o p i c a l  hardw oods r e p re s ­
e n ts  an e x p o n e n t ia l  g ro w th  r a t e  o f  a p p ro x im a te ly  5% p e r  annum.
I t  has a ls o  been e s t im a te d  t h a t  d u r in g  th e  decade 1975-1985  
th e  demand f o r  t r o p i c a l  hardw oods w i l l  in c re a s e  by 45% (L o re n s e n ,
1 9 7 3 ).
The r e s u l t s  o f  th e  h ig h  demand f o r  t r o p i c a l  hardw oods 
have been in c re a s e s  in  e x p o r ts  o f  s a w lo g s , sawn t im b e r  and v e n e e r 
and p lyw ood  to  W este rn  E urope by West A f r ic a  and M a la y s ia  ( th e
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la r g e s t  s in g le  s u p p l ie r  o f  t r o p i c a l  hardw ood^ d u r in g  th e  seven 
y e a r  p e r io d  fro m  1966 to  1972 (F ig u re s  1 3 , 1 4 ) .  Saw log s u p p l ie s  to  
W este rn  E u rope  by in d iv id u a l  c o u n t r ie s  in  West A f r i c a ,  e x c e p t f o r  
s u p p l ie s  by N ig e r ia ,  Z a ir e  and Congo B r a z z a v i l le ,  have gone up 
d u r in g  th e  p e r io d  (T a b le  2 0 ) .  The I v o r y  C o a s t and Gabon have r e ­
c o rd e d  th e  la r g e s t  e x p o r ts  o f  sa w lo g s  to  W este rn  E u ro p e , and b o th  
c o u n t r ie s  a re  y e t  to  re a c h  t h e i r  peak e x p o r t  le v e ls .
M a la y s ia  more th a n  d o u b le d  e x p o r ts  o f  sawn t im b e r  to  
W este rn  E u rope  between 1966 and 1972 (T a b le  20 and F ig u re  1 4 ) .
The la r g e  in c re a s e  in  s u p p l ie s  by M a la y s ia  m ust have been p a r t l y  
a c c o u n te d  f o r  by th e  d is c o n t in u a t io n  by M a la y s ia  o f  hardwood saw log  
e x p o r ts  s in c e  1970, and p e rh a p s  p a r t l y  by in c re a s e d  in v e s tm e n ts  in  
s a w m il ls .  No s i g n i f i c a n t  in c re a s e s  in  sawn wood e x p o r ts  to  W este rn  
E u rope  by W est A f r ic a  to o k  p la c e  d u r in g  th e  p e r io d .  G e n e ra l ly  
p o o r in v e s tm e n ts  in  th e  s a w m il l in g  in d u s t r y  in  th e  W est A f r ic a n  
r e g io n  m ust have a c co u n te d  f o r  t h i s .
In  Ghana in c re a s e s  in  e x p o r ts  o f  sa w lo g s  o c cu re d  d u r in g  
th e  p e r io d  o f  seven y e a rs  (T a b le s  18 , 20 and f ig u r e  1 3 ) .
Sawn wood p ro d u c t io n  have g e n e r a l ly  re a ch e d  a p la te a u ,  
and because o f  th e  h ig h  demand f o r  sawn t im b e r  b o th  in  Ghana and 
a b road  th e r e  have been s t ro n g  c o m p e t i t io n  betw een th e  r e l a t i v e  
q u a n t i t ie s  o f  sawn t im b e r  consumed in  Ghana and a b road  (T a b le  1 4 ) .
V e n e e r and P lyw ood p r o d u c t io n  in  Ghana, th o u g h  s m a l l ,  
have shown th e  la r g e s t  in c re a s e s  d u r in g  th e  seven y e a r p e r io d . 
P ro d u c t io n  in c re a s e d  fro m  2 1 ,560M^ in  1966 t o  4 6 ,9 1 0M^ in  1972.
T h is  in c re a s e  re p re s e n ts  an e x p o n e n t ia l  in c re a s e  o f  12% p e r  annum.
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E x p o r ts  o f  v e n e e r and p lyw ood  in c re a s e d  d u r in g  th e  p e r io d .  C onsum ption  
o f  v e n e e r and p lyw ood  in  Ghana, w h ic h  has re m a ined  lo w  f o r  a lo n g  
p e r io d ,  more th a n  d o u b le d  d u r in g  1970 -1972  (F ig u re  1 5 ) ,  and th u s  
a d v e rs e ly  a f f e c te d  th e  q u a n t i t y  e x p o r te d .  T h is  i s  a s ig n  t h a t  th e  
fu tu r e  in c re a s e s  in  demand f o r  t r o p i c a l  hardw oods may e q u a l ly  a f f e c t  
th e  a f f l u e n t  w o r ld  and th e  p o o r c o u n t r ie s  t h a t  p ro d u ce  them .
E x p o r t  o f  sa w lo g s  f o r  th e  m ain e x p o r t  t im b e r  s p e c ie s  o f  
Ghana such as E n tand ro ph ragm a  c y l in d r ic u m , E . u t i l e , Khaya s p p . ,  
T r ip lo c h i t o n  s c le r o x y lo n  and P e r ic o p s is  e la t a  w en t up in  th e  p e r io d  
1966-1972 (T a b le  2 3 ) .  E x p o r ts  o f  s a w lo g s  o f  T r ip lo c h i t o n  s c le r o x y lo n  
and P e r ic o p s is  e la t a  were th e n  d o u b le d  betw een 1966 and 1972 . T he re  
was n o t much in c re a s e  in  th e  a n n u a l e x p o r t  o f  M imusops d / ja v e .
Sawn t im b e r  e x p o r ts  f o r  th e  m ain e x p o r t  s p e c ie s  re m a in e d  f a i r l y  
s ta b le  d u r in g  th e  p e r io d  e x c e p t f o r  th e  e x p o r ts  o f  E n tand roph ragm a 
c y l in d r ic u m  and C h lo ro p h o ra  e x c e ls a  in  w h ic h  in c re a s e s  w ere  re c o rd e d .
3
Sawn t im b e r  e x p o r ts  o f  C h lo ro p h o ra  e x c e ls a  in c re a s e d  fro m  170ÜM 
in  1966 to  34760M^ in  1972 (T a b le  2 4 ) .  T h is  in c re a s e  am ounted to  
an e x p o n e n t ia l  in c re a s e  o f  54% p e r  annum. The s i g n i f i c a n t  in c re a s e  
in  th e  e x p o r t  o f  sawn C h lo ro p h o ra  e x c e ls a  was due to  th e  l i f t i n g  o f  th e  
ban on th e  e x p o r t  o f  t h i s  s p e c ie s .
T h e re  w ere  g e n e r a l ly  p r ic e  in c re a s e s  o f  b o th  sa w lo g  and 
sawn t im b e r  e x p o r ts  o f  th e  im p o r ta n t  e x p o r t  s p e c ie s  fro m  Ghana in  
1966-1972 (T a b le s  2 3 , 2 4 ) ,  b u t i t  i s  d i f f i c u l t  t o  e x p la in  w h e th e r th e  
in c re a s e s  w ere  r e a l  o r  th e y  w ere m e re ly  a d ju s te d  in c re a s e s  to  ta k e
i n f l a t i o n  in t o  a c c o u n t .
116
D e s p ite  th e  h ig h  demand f o r  t r o p i c a l  ha rdw oods , saw log  
and lu m b e r e x p o r t  p a t te r n s  o f  West A f r ic a n  t im b e r  r e v e a l  th e  
e x is te n c e  o f  s h o r t  ru n  t r a d e  c y c le s  o f  th r e e  to  f o u r  y e a rs  
d u r a t io n  ( f ig u r e s  13 and 1 4 ) .  The com ponent p a r t s  o f  th e  t r a d e
c y c le s  a re  as fo l lo w s :
RECESSION TROUGH EXPANSION PEAK
1966-1967 1967 1968 1969
1969-1970 1970 1971 1973 ‘
1974 1975 1 9 75 /7 6 1976 *
C o n firm e d  by p e rs o n a l c o m m u n ic a tio n .
*  E s t im a te d  fro m  p a s t t r e n d s .
The re c e s s io n  in  1974-1975  c o u ld  l a s t  lo n g e r  th a n  u s u a l 
because o f  th e  o i l  c r i s i s  and th e  accom pany ing  econom ic  re c e s s io n  
o f  th e  W estern  e co n o m ie s . Many f a c to r s  a c c o u n t f o r  th e  o c c u re n c e  
o f  th e  t r a d e  c y c le s .  Among them a re :
( i )  F lu c tu a t in g  w e a th e r c o n d i t io n s  in  West A f r ic a  
w h ic h  a f f e c t  lo g g in g  and s h ip m e n ts ;
( i i )  S t o c k - p i l i n g  o f  hardwood s a w lo g s  in  W estern
E u ro p e , e s p e c ia l ly  in  W este rn  Germany, F ra n c e , 
I t a l y ,  U n ite d  K ingdom , e t c .
One can w e l l  u n d e rs ta n d  th e  n e c e s s ity  f o r  s t o c k - p i l i n g  by 
m i l l s  in  W estern  E u ro p e . The m a te r ia ls  fro m  West A f r i c a  ta k e  
s e v e r a l weeks to  be t r a n s p o r te d  by s h ip s  fro m  th e  c o u n t r ie s  o f  
o r i g i n .  T h is  t r a n s p o r t  la g  can a g g ra v a te  s to c k  le v e ls  and m a rk e t 
c o n d i t io n s .
I t  a p p e a rs  t h a t  th e  re s o u rc e s  o f  t r o p i c a l  hardw oods a re
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e q u a lly  h ig h  to  be a b le  to  meet th e  h ig h  demand f o r  t r o p i c a l  hard ­
woods. FAD fo r e s t  in v e n to ry  r e s u l t s  in  1963 (T a b le  25) in d ic a te  
th a t  o n ly  about 14% o f  th e  t o t a l  e x p lo i ta b le  t im b e r  re s o u rc e s  in  
th e  t r o p ic s  a re  c u r r e n t ly  accep ted  on th e  t im b e r  m a rke t. A f u l l  
u t i l i z a t i o n  o f  th e  v a s t re s o u rc e s  may m a in ta in  th e  m arke ts  f o r  
hundreds o f  y e a rs .
3
In  Ghana th e  s to c k in g  o f  abou t 20GM p e r h e c ta re  o f  m e rchan tab le  
sp e c ie s  o ve r an a rea  o f  o ve r 2 m i l l io n  h e c ta re s  can y ie ld  abou t
3
4GG m i l l io n  M o f  t im b e r .
In  Ghana and perhaps in  o th e r  t r o p i c a l  c o u n tr ie s  th e
problem s may n o t be one o f  m ee ting  r i s i n g  demands, b u t o f  e n s u r in g
th a t  th e  fo r e s t  re s o u rc e s  a re  ju d ic io u s ly  employed to  meet economic
as w e ll  as b io lo g ic a l ,  e c o lo g ic a l,  and e n v iro n m e n ta l needs.
2 .5 .4 .4  F o re c a s ts  o f  S upp ly  and Demand f o r  Ghana T im ber
I t  i s  d i f f i c u l t  to  base fo re c a s ts  o f  fu tu r e  p ro d u c t io n
and consum ption  o f  Ghana t im b e r  on m acroeconomic fa c to r s  such as
p o p u la t io n  g row th  and GDP pe r c a p ita  because o f :
( i )  th e  im p o rta nce  o f  fo r e ig n  exchange e a rn in g s
to  Ghana from  t im b e r  e x p o r ts ,
( i i )  The s tro n g  c o m p e t it iv e  p o s i t io n  o f  cement as a
s u b s t i t u te  m a te r ia l f o r  t im b e r  in  Ghana.
For in s ta n c e , th e  a c tu a l consum ption  o f  sawn t im b e r  in
3
Ghana in  the  e a r ly  1960s was 0.018M p e r ca p u t and i t  was 
in c re a s in g  a t  an e x p o n e n t ia l r a te  o f  1.1% p e r annum. The e s t im -
3
a ted  consum ption  f o r  1970 based on t h i s  in c re a s e  was 0.02M p e r 
ca pu t (Ddnso, 1 9 6 6 ). In  f a c t  t h i s  tu rn e d  o u t to  be 0.014M p e r
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c a p u t.  The p o p u la t io n  g ro w th  was m a in ta in e d  a t  2.5% p e r annum, 
bu t sawn t im b e r  consum ption  in  Ghana d id  n o t keep pace w ith  th e  
p o p u la t io n  in c re a s e . D e c lin in g  r e a l  incomes co u ld  haue c o n t r ib u te d  to  
to  t h i s .
An a tte m p t was made to  r e la t e  th e  fo re c a s ts  to  t o t a l  
t im b e r  e x p o r ts  from  o th e r  West A f r ic a n  c o u n tr ie s  and M a la y s ia , 
d w e ll in g  c o n s t ru c t io n  in  W estern E urope, and th e  volum es and 
p r ic e s  o f  th e  m a jo r e x p o r t  s p e c ie s , b u t th e  d a ta  c o l le c te d  f o r  th e  
s h o r t  p e r io d  from  1966 to  1973 co u ld  n o t produce any m e a n in g fu l 
re g re s s io n s .  The a l t e r n a t iv e  approach was to  base th e  e s tim a te d  
fo re c a s ts  on p a s t t re n d s ,  making use o f  re g re s s io n s  o f  s e le c te d  d a ta  
in  ta b le  18. The r e s u l t s  o f  th e  fo u r  s e p a ra te  s im p le  re g re s s io n s  
have been d is p la y e d  in  Tab le  26 .
The fo l lo w in g  assum ptions^have  been made on th e  fo re c a s ts  
based on th e  re g re s s io n s :
( i )  t h a t  th e  t h e o r e t ic a l  v a lu e s  o f  th e  dependent
v a r ia b le s  a t  95% c o n fid e n c e  in t e r v a l  bea r l in e a r  
r e la t io n s h ip s  w ith  th e  ye a rs  o f  p ro d u c t io n ,  
e x tra p o la te d  to  ye a r 2000;
( i i )  t h a t  th e  e q u iv a le n t  v a lu e s  o f  th e  independen t
v a r ia b le s  can be c a lc u la te d  from  th e  e x tra p o la te d  
v a lu e s  o f  th e  dependent v a r ia b le s ;
( i i i )  t h a t  medium fo re c a s ts  a re  re p re s e n te d  by th e  a c tu a l 
e x tra p o la te d  v a lu e s  o f  th e  dependent v a r ia b le s ,  
h ig h  fo re c a s ts  by th e  upper c o n fid e n c e  l i m i t s  o f  
th e  dependent v a r ia b le s ,  and low  fo re c a s ts  by th e  
lo w e r c o n fid e n c e  l i m i t s  o f  th e  dependent v a r ia b le s ;
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( i v )  th a t  p a s t t re n d s  c o n t in u e ;
( v )  th a t  th e re  w i l l  n o t be any u n a n t ic ip a te d  te c h n o lo g ­
ic a l  changes a f f e c t in g  th e  p ro d u c t io n  o f  t im b e r ;
( v i )  th a t  th e re  w i l l  n o t be any d r a s t ic  changes in  
fo r e s t  p o l ic y ;
( v i i )  th a t  th e re  w i l l  be no wars o r  c a ta s tro p h e  d u r in g  
th e  p e r io d  covered  by th e  fo r e c a s ts .
From assum ptions i - i i i  th e  fo re c a s ts  o f  p ro d u c t io n ,  
e x p o r ts ,  and lo c a l  consum ption  in  Ghana have been e s tim a te d  (T a b le  
2 7 ) . There a re  dangers in  fo re c a s ts  based on p a s t t re n d s  s in c e  
some tre n d s  may n o t be re p e a te d  to  ye a r 200G. One im p o r ta n t fa c to r  
th a t  is  l i k e l y  to  c o n tin u e  is  th e  need f o r  fo r e ig n  exchange; th e  
im portance  o f  t h i s  w i l l  d e te rm in e  th e  r e la t i v e  q u a n t i t ie s  o f  t im b e r  
e x p o rts  and lo c a l  co nsum p tion . I f  in v e s tm e n ts  in  s a w m ill in g  c o n tin u e  
to  be lo w , the n  th e  p a s t le v e ls  o f  sawn t im b e r  p ro d u c t io n  w i l l  
c o n tin u e  in to  th e  fu tu r e ,  and waste in  m i l l in g  w i l l  go up .
However, i t  is  hoped th a t  new in v e s tm e n ts  and im proved te c h n o lo g ie s  
can le a d  to  in c re a s e s  in  th e  e s tim a te d  le v e ls  o f  sawn t im b e r  p rod ­
u c t io n .  Any new in ve s tm e n ts  sh ou ld  absorb  some o f  th e  saw log 
e x p o rts  so th a t  th e  a c tu a l e s tim a te d  le v e ls  o f  saw log p ro d u c t io n
may be m a in ta in e d .
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PART I I  
CHAPTER 3
MANAGEMENT DF THE GTHF
T h is  s e c tio n  d e a ls  w ith  th e  g e n e ra l approach to  fo r e s t  
management in  th e  wet t r o p ic s ,  th e  methods o f  s i l v i c u l t u r a l  
management th a t  have been t r ie d  in  th e  GTHF, and th e  d i r e c t io n  
o f  fo r e s t  re se a rch  programme to  ensure  th e  success o f  fo r e s t  
management.
3.1 GENERAL APPROACH TO MANAGEMENT OF TROPICAL HIGH FORESTS
Methods o f  management o f  wet t r o p ic a l  h ig h  fo r e s ts  such 
as th e  GTHF a re  chosen a f t e r  a c a r e fu l  s tu d y  o f :
( i )  th e  com plex b io lo g ic a l  and e c o lo g ic a l c h a ra c te r ­
i s t i c s  (C hapte r 2 ] ,
( i i )  th e  r e s u l t s  o f  p re v io u s  re s e a rc h  on fo r e s t  
management, and
( i i i )  th e  demands o f  th e  fo r e s t  p o l ic y .
The f lo w - c h a r t ,  b r i e f l y  d e s c r ib in g  th e  e s s e n t ia l  fe a tu re s  
o f  such a s tu d y  and th e  methods o f  management th a t  may be a p p lie d ,  
appears in  Tab le  28 . Most o f  th e  methods l i s t e d  have been t r ie d  
in  Ghana. However, as f o r  many t r o p ic a l  a re as  th e  methods o f  
management th a t  ba lance  th e  re q u ire m e n ts  o f  e c o lo g ic a l,  b io lo g ic a l  
and s o c io lo g ic a l  fa c to r s  a re  y e t to  be fo u n d . Such methods o f  
management may be e vo lved  from  those  a lre a d y  a p p lie d  to  th e  GTHF
and d e s c r ib e d  in  t h i s  s e c t io n  unde r:
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TABLE 29 -  Summary o f  O p e ra tio n s  Under th e  P o ly c y c l ic  System
ACTION REMARKS
5% Enum era tion  
S urvey
Y ie ld
C a lc u la t io n
Based on r e s u l t s  o f  th e  above su rve y  
and assum ptions on tim e s  o f  passage 
and 25% m o r t a l i t y  o f  e x is t in g  t re e s
d u r in g  tim e  o f  passage.
100% Survey o f  
Economic S pec ies
+
S e le c t iv e  T h in n in g
P re p a ra tio n  o f  s to c k  maps show ing 
numbers o f  a l l  economic t re e s  5 f t .  
g i r t h  and above.
A l l  economic t re e s  under 5 f t .  
g i r t h  s e le c t iv e ly  th in n e d .
Y ie ld  s e le c t io n
Done from  s to c k  maps. Should
n o rm a lly  ensure  f a i r  d is t r ib u t io n  o f  
fu tu r e  t im b e r  t r e e s .
Payment o f  Advances 
by C o n ce ss io n a ire
R e c e ip t o f  S e le c te d  
Y ie ld  and P e rm it by 
C o n c e s s io n a ire
Based on th e  t o t a l  amount o f  
r o y a l t ie s  p a y a b le . Road a lig n m e n ts ,
lo a d in g  s ta t io n s  agreed upon w ith  
D i s t r i c t  O f f i c e r .
F e l l in g  and 
E x t ra c t io n  o f  
Y ie ld  ( lo g g in g )
C o ncen tra ted  in  com partm ents . 
P e rm its  c a n c e lle d  when f e l l i n g  and 
e x t r a c t io n  in  a com partm ent a re  
c o m p le te .
(SOURCE: From P e rso n a l E x p e rie n c e )
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( i )  P o ly c y c l ic  system s
( i i )  M o n ocyc lic  system s.
3 .2  FOREST MANAGEMENT OF TFE GTHF UNDER THE POLYCYCLIC SYSTEM 
Under th e  p o ly c y c l ic  system  o f  s i l v i c u l t u r a l  management 
th e  p ro d u c t iv e  p o r t io n  o f  th e  w o rk in g  p la n  a rea  is  d iv id e d  in to  
a number o f  a nn u a l coupes each o f  w h ich  sh ou ld  g iv e  a s u s ta in e d  
y ie ld  in  a c y c l i c a l  c u t t in g .  In  Ghana th e  annua l coupe may 
com prise  one o r  s e v e ra l com partm ents depend ing  on th e  s iz e  o f  th e  
p ro d u c t io n  w o rk in g  c i r c l e ,  th e  s to c k in g  d e n s ity ,  th e  p ro p o r t io n  
o f  econom ic t r e e s  1 1 f t .  g i r t h  and above ( a l l  o f  w h ich  a re  c o n s id e re d  
o v e r -m a tu re ) ,  and th e  g lo b a l annua l p ro d u c tio n  t a r g e t .  The f e l l i n g  
c y c le  f o r  each annua l coupe has in  th e  p a s t been 25 y e a rs .
S e v e ra l f o r e s t  o p e ra t io n s  a re  u nd e rtake n  to  ensure  an 
o r d e r ly  sequence o f  f e l l i n g s  and th e  success o f  n a tu ra l re g e n e ra tio n  
(T a b le  2 9 ) .  The s e le c t iv e  th in n in g s  (m en tioned  in  th e  ta b le )  have 
taken  th e  fo rm  o f  p o is o n in g  w ith  sodium a rs e n ite  a l l  t r e e s  w i th in  
a ra d iu s  o f  9 f t .  from  th e  favo u re d  economic t r e e s  below 5 f t .  g i r t h ,  
as w e l l  as th e  rem ova l o f  com peting  c lim b e rs .  C u r re n t ly ,  how ever, 
th e  th in n in g  o p e ra t io n s  have been suspended because o f  th e  d e le t ­
e r io u s  d f f e c t  o f  sodium  a rs e n ite  on man, w i l d l i f e ,  th e  favo u re d  
t re e s ,  e tc ;  m oreover, doub ts  have been expressed  as to  th e  e f f ic a c y  
o f  th e  th in n in g s .  In  some a reas th e  favo u re d  t re e s  have had t h e i r  
to p s  lopped  o f f  as a r e s u l t  o f  a sudden exposure  to  th e  e le m e n ts .
By th e  t im e  th e  th in n in g  o p e ra t io n s  were suspended (1970 ) o ve r 
0 .64  m i l l i o n  a c re s  (0 .2 6  m i l l io n  h a .)  o f  t r o p ic a l  fo r e s ts  had 
been s e le c t i v e ly  th in n e d  u s in g  some 37G0 drums o f  sodium a r s e n ite .
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At logging (also listed in Table 26) removals are 
based on a calculated yield. This calculated yield has in the 
past been usually achieved by the removal of:
(i) all class la trees 13ft. girth and above,
(ii) at least 10°/o of all class la trees in the 11-13ft. 
girth, and
(iii) varying proportions of class lb and Ic trees 9ft.
girth and above and class II trees 7ft. girth and 
above, depending on the demand for the particular 
species in these economic classes.
In 1970 an argument was advanced regarding overmaturity 
of natural forest trees in Ghana (Annin-Bonsu, 1970). Based on 
this argument a decision was taken to fell all economic trees in 
production working circles to Minimum Exploitable Girths (MEG). 
These MEG are currently:
(i) 11ft. for all economic class I trees except
Lovoa trichilioides, Terminalia ivorensis and 
Tarrietia utilis which may be felled at MEG of 
7ft.,
(ii) 11ft. for all economic class Ila trees except 
Guarea cedrata which may also be felled at MEG 
of 7ft *, and
(iii) 7ft. for all economic class lib trees.
The felling cycle has now been fixed at 15 years instead 
of 25 years, and it is stipulated that at least 30% of the class I 
yield is to be removed from the class II trees (many of which are
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n o rm a lly  n o t f e l l e d ) .  T h is  c u r r e n t  m ethod o f  y ie ld  re m o v a l i s ,  
t o  a c e r t a in  e x te n t ,  a d e p a r tu re  fro m  th e  p r in c ip le s  u n d e r ly in g  
th e  o r i g i n a l  a p p l ic a t io n  o f  th e  p o ly c y c l ic  sys tem  in  Ghana -  i t  
assumes t h a t  a l l  t r e e s  1 1 f t .  g i r t h  and above a re  o v e rm a tu re ; th e  
s iz e  o f  th e  a n n u a l coupe has been in c re a s e d  a t  th e  same t im e  as 
th e  re m o v a l p e r  u n i t  a re a  has been in c re a s e d .  W h ile  th e  c u r r e n t  
p r a c t ic e  w i l l  n o t  r e p re s e n t  a d e p le t io n  o f  th e  GTHF, i t  w i l l  be 
n e c e s s a ry  to  w a tch  th e  e f f e c t s  o f  sudden in c re a s e s  in  p ro d u c t io n  
on th e  a lr e a d y  c a r e f u l l y  m a n ip u la te d  m a rk e ts  f o r  G hanaian t im b e r .
The P o ly c y c l ic  sys tem  has d i s t i n c t  a d v a n ta g e s  such  as 
th e  m a in te n a n ce  o f  n a tu r a l  s p e c ie s  d i s t r i b u t i o n ,  v e ry  lo w  r i s k  
o f  e p id e rm ic s ,  good wood q u a l i t y ,  lo w  f i n a n c ia l  in v e s tm e n t,  
p r o te c t io n  o f  s o i l  and w a te r ,  c o n s e rv a t io n  o f  n a t iv e  f l o r a  and 
fa u n a , e t c . j h ow eve r, i t  a ls o  has c e r t a in  econom ic  d is a d v a n ta g e s  
-  th e  s p e c ie s  a re  s lo w  g ro w in g ; th e r e  i s  a lw a y s  th e  d a n g e r o f  
c re a m in g  th e  GTHF because th e  re m o v a l o f  a l l  th e  b e s t lo o k in g  
econom ic t r e e s  w i th  g i r t h s  1 1 f t .  and above can amount t o  th e  
re m o v a l o f  th e  b e s t p h e n o ty p e s ; o n ly  a few  t r e e s  can be rem oved 
p e r h e c ta re ,  and h a r v e s t in g  i s  som etim es i n e f f i c i e n t .
3 .3  MANAGEMENT OF THE GTHF UNDER THE MONOCYCLIC SYSTEM
The m o n o c y c lic  s i l v i c u l t u r a l  sys tem  a im s a t  p ro d u c in g  
a f o r e s t  c ro p  t h a t  has a f a i r l y  even b e g in n in g  and a d e f i n i t e  end 
as a w h o le . I t  i s  th e  s u b je c t  o f  a l t e r n a t i v e  ( i i )  in  s e c t io n  
2 . 5 . 2 .  The d i f f i c u l t  m ethods t r i e d  in c lu d e  A s s is te d  N a tu ra l 
R e g e n e ra tio n  in  th e  fo rm  o f  th e  T r o p ic a l  S h e lte rw o o d  System  
[T S S ] ,  A r t i f i c i a l  R e g e n e ra t io n  in  th e  fo rm  o f  E n r ic h m e n t L in e
TABLE 3Ü - Sequence of TSS Operations
YEAR WORK DONE
1 Seedling survey, Demarcation, Stock Survey, 
Climber cutting, First canopy opening.
2 Second canopy opening
3 First cleaning and assessment
4 Second cleaning
5 Third cleaning
6 Harvesting of merchantable timber trees
7 Climber cutting and coppicing of damaged 
regeneration.
10 Climber cutting, layout of sample plots.
12 Poisoning of all weed species 4ft. girth and 
above, all economic class I species 9ft. girthe 
and above and all economic class II species 7ft 
girth and above.
Subsequent
operations
Measurement of sample plots annually, and 
periodic thinning of the regenerated crop.
(SOURCE: TSS in Ghana by Jack + Mooney)
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P la n t in g  and C le a r c u t t in g  w ith  a r t i f i c i a l  re g e n e ra t io n .
3 .3 .1  The T ro p ic a l S he lte rw ood  System (TSS)
The TSS in v o lv e s  a w e l l  p lanned a id e d  n a tu ra l re g e n e ra tio n  
in  c o m p a ra t iv e ly  r ic h  fo r e s ts  in  th e  CTA and ACA, and i t  i s  aimed 
a t  p ro d u c in g  a u n ifo rm  c ro p .
The a s s is ta n c e  g iv e n  to  th e  re g e n e ra tio n s  a lre a d y  on 
th e  ground ta k e s  th e  form  o f  a s e r ie s  o f  canopy m a n ip u la t io n s  and 
te n d in g s  o ve r a p e r io d  o f  ye a rs  (T a b le  3 0 ) .  The management o f  th e  
TSS in v o lv e s  th e  c o n c e n tra t io n s  o f  th e  v a r io u s  o p e ra t io n s  in  one 
area o f  fo r e s t  a t  a t im e .
The TSS was in tro d u c e d  in  Ghana in  1946 because i t  had 
a p p a re n t ly  been s u c c e s s fu l in  th e  wet t r o p i c a l  fo r e s ts  o f  M a la ys ia  
and i t  had been in tro d u c e d  in  N ig e r ia  in  1944. A c a r e fu l ly  
m a n ipu la ted  canopy c o v e r o ve r th e  GTHF appeared to  be a c lo s e  
approach to  th e  way th e  fo r e s ts  re g e n e ra te  in  n a tu re .  E v idence  
p resen ted  in  s u b -s e c t io n  2 .4 .5 .5  c o n firm s  th e  im po rtence  o f  canopy 
d e n s ity  on g row th  o f  some econom ic s p e c ie s  in  th e  GTHF.
However th e  TSS t r ie d  in  two fo r e s t  re s e rv e s  ( B o b i r i  
and Asenango F o re s t R eserves) gave some unexpected  r e s u l t s  -  In  
s u c c e s s fu l ly  re g e n e ra te d  a reas th e  v ig o ro u s ly  g ro w in g  t re e s  were th e  
S te rc u lia c e a e  re p re s e n te d  by T r ip lo c h i to n  s c le r x y lo n , M ansonia 
a l t is s im a . N esogordon ia  p a p a v e r ife ra , S te r c u l ia  r l i n o p e t a la , e tc .
S
The h ig h ly  p r ic e d  economic s p e c ie s  such as C h lo ro p h o ra  e x c e ls a , 
Entandrophragm a c y l in d r ic u m , E. u t i l e , Khaya s p p ., form ed o n ly  
6-10% o f  th e  re g e n e ra t io n ,  and th e y  in v a r ia b ly  c o n s t i tu te d  th e  
p o o re s t lo o k in g  t r e e s ,  w ith  v e ry  l i t t l e  chance o f  becoming a
p o te n t ia l  t im b e r  c ro p .
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The re g re s s io n s  o f  g row th  and some o f  th e  fo r e s t  para ­
m e te rs  a f f e c t in g  g ro w th  (s u b -s e c t io n  2 .4 .5 .5 )  have in d ic a te d  th a t  
canopy d e n s ity  is  perhaps a c r i t i c a l  f a c to r  in f lu e n c in g  th e  g ro w th  
o f  th e  r e l a t i v e l y  fa s t  g ro w in g  s p e c ie s  as w e l l  as some o f  th e  s lo w e r 
g ro w in g  s p e c ie s . A canopy m a n ip u la t io n  th a t  meets th e  re q u ire m e n ts  
f o r  g ro w th  o f  the se  sp e c ie s  does n o t n e c e s s a r i ly  meet tho se  o f  th e  
more h ig h ly  p r ic e d  g roups o f  economic s p e c ie s  w h ich , in  th e  GTHF, 
appear to  d eve lo p  b es t under n a tu ra l c o n d it io n s  o r  c o n d it io n s  o f  
m in im a l d is tu rb a n c e .  In  f a c t  canopy open ings a r t i f i c i a l l y  made 
may be d e t r im e n ta l to  th e  g row th  o f  such h ig h ly  p r ic e d  s p e c ie s .
A f te r  20 ye a rs  o f  re s e a rc h  w ork on th e  TSS i t  was found 
in a p p ro p r ie te  because o f  th e  r e s u l t s  i t  gave , and i t  was th e re fo re  
abandoned.
3 .3 .3  E n richm en t L in e  P la n t in g
T h is  method w h ich  was adapted to  im prove  th e  d e n s ity  o f  
s to c k in g  o f  p o o r ly  s tocke d  p o r t io n s  o f  th e  GTHF, e s p e c ia l ly  in  
th e  CLTA, was t r ie d  in  th e  1940s and 195Gs, b u t i t  was d is c o n t in u e d  
in  th e  e a r ly  1960s.
In  E n richm en t l i n e  p la n t in g  two ye a r o ld  s t r i p l i n g s  o f  
Mimusops d .ja ve , Khaya iv o r e n s is ,  Entandrophragm a u t i l e , E. a n g o le n s e , 
E. c a n d o l le i , E . c y l in d r ic u m , T a r r ie t ia  u t i l i s . Lovoa t r i c h i l i o i d e s , 
were p la n te d  in  c le a re d  l in e s  ( 6 f t .  w id e ) a t  0 .2 5  c h a in  in  th e  l in e s .  
The l in e s  were one ch a in  a p a r t  and p a r r a l le l  to  one a n o th e r .  A 
t o t a l  a re a  o f  7120 a c re s  (2848 ha) was p la n te d  m a in ly  in  two 
fo r e s t  re s e rv e s  (Ankasa and S u b r i F o re s t R eserves) in  th e  CLTA.
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A f te r  p la n t in g ,  c le a n in g  and f u r t h e r  canopy open ings were done in  
th e  second and f i f t h  y e a rs . However, th e  canopy m a n ip u la t io n s  d id  
n o t a ch ie ve  what was expected  and many o f  th e  p la n te d  t re e s  were 
chocked by weeds. The l in e s  were d i f f i c u l t  to  manage, and access­
i b i l i t y  was v e ry  p o o r. These fa c to r s  c o n t r ib u te d  to  th e  method 
be ing  d is c o n t in u e d .
3 .3 .3  C le a r  F e l l in g  w ith  A r t i f i c i a l  R e g ene ra tion
S c a tte re d  p la n t in g s  o f  v a r io u s  s p e c ie s  such as T e rm in a lia  
iv o r e n s is , Entandrophragm a a n g o le n se » E. c y l in d r ic u m , E. u t i l e ,
E. c a n d o l le i , T r ip lo c h i to n  s c le r o x y lo n , Khaya iv o r e n s is , K. a n th o th e c a , 
K. g r a n d i f o l i o la , T u rre a n th u s  a f r ic a n u s , Mansonia a l t i s s im a ,
P e r ic o p s is  e la t a , Mimusops d .jave , Tectona  g ra n d is  and C e d re la  o d o ra ta  
have been done in  Ghana s in c e  th e  1930s. The p la n t in g s  w h ich  
were e s ta b lis h e d  p a r t l y  by th e  taungya  method ( a g r i - s i l v i c u l t u r a l  
m ethod) covered  some 30 ,000  a c re s  [1 2 ,0 0 0  h a . )  by 1969. The p la n t in g s  
were c o n c e n tra te d  both  in  the  GTHF and in  th e  t r a n s i t i o n  b e l t  between 
the  GTHF and th e  GSW.
Access to  many o f  th e  p la n te d  a reas  has been a m a jo r 
problem  and i t  i s  v e ry  d i f f i c u l t  to  e s tim a te  how much o f  th e  a reas  
p la n te d  has been s u c c e s s fu l.  In  1969 th e  Government o f  Ghana 
became conv inced  th a t  Ghana c o u ld  run  s h o r t  o f  t im b e r  in  th e  fu tu r e ,  
and a ls o  th a t  F o re s try  has an im p o r ta n t r o le  in  r u r a l  deve lopm ent to
w hich i t  was com m itted ; a p la n t in g  ta r g e t  o f  12,80G a c re s  (5120 h a .)
/
per annum was s e t .  D e s p ite  th e  d i f f i c u l t i e s  o f  seed p rocu rem en t, 
n u rs e ry  e s ta b lis h m e n t,  and a c c e s s ib i l i t y ,  an a rea  o f  5110 a c re s  
[2044 h a .)  was p la n te d  up in  1969. T h is  was fo llo w e d  by p la n t in g s
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TABLE 31 Main Programme o f  F o re s t  Research
TYPE OF RESEARCH
S i l v i c u l t u r a l
Research
U t i l i z a t i o n
Research
NATURE GF RESEARCH
1 . N a tu ra l  R eg e n e ra t io n  -
M aintenance o f  TSS p l o t s ,  growth measure­
ments under n a t u r a l  f o r e s t  c o n d i t i o n s .
2 .  P l a n t a t i o n  R esearch  -
( a )  E s ta b l is h m e n t  o f  p l a n t a t i o n s  w ith  
f a s t  growing n a t i v e  S t e r c u l i a c e a e  such 
a s  T r ip lo c h i to n  s c le r o x y lo n ,  Mansonia 
a l t i s s i m a ,  S t e r c u l i a  s p p .; and a l s o  o th e r  
s p e c ie s  such as  T e rm in a l ia  i v o r e n s i s .
(b )  E s ta b l i s h m e n t  o f  p l a n t a t i o n s  w ith  f a s t  
growing e x o t i c s  such  a s  T ectona g r a n d i s  
and C ed re la  o d o r a ta .
(_c J F o r e s t  G e n e t ic s  -  S e le c t io n  o f  p lu s  
t r e e s  o f  T e rm in a l ia  i v o r e n s i s ,  T r ip lo c h i to n  
s c le r o x y lo n ,  P e r i c o p s i s  e l a t a .  f o r  
p l a n t a t i o n  work.
(d )  P r e t r e a tm e n t  and s to r a g e  o f  f o r e s t  
t r e e  s e e d s .
( e )  P l a n t a t i o n  T r i a l s  o f  s e l e c t e d  s p e c ie s  
o f  so ftw oods f o r  p o le s  and pu lp  -  S p e c ie s
, being  t r i e d  a r e  P inus  e l l i o t t i i ,  P. t a e d a ,
P. r a d i a t a ,  P. c a r i b a e a ,  C upressus  
s e m p e rv i r e n s , C. g l a b r a ,  C. m acrocarpa ,
C. la w so n ian a ,  A ra u c a r ia  a n g u s t i f o l i a ,
E u ca ly p tu s  c i t r i o d o r a ,  E. t e r e t i c o r n i s ,
E. cadambae, E. gumm ifera, E. a l b a ,  E. 
p i l u l a r i s ,  E. papuana, E. in te rm e d ia ,  E. 
m in ia t a ,  E. p u n c ta ta .
3 .  ( a )  Wood anatomy f o r -m ic ro s c o p ic  examina­
t i o n  o f  s p e c i e s .
(b )  F o r e s t  Entomology f o r  th e  s tu d y  o f  
d e f o l i a t o r s ,  b o r e r s ,  t e r m i t e s ,  e t c .
( c )  Wood C hem is try  -  I n v e s t i g a t i o n  in t o  th e  
p ro d u c t io n  o f  g l u e s ,  c h a r c o a l  r e s e a r c h  to  
improve y i e l d ,  wood p r e s e r v a t io n  w ith  t a n a l i t h  
C, te rm ex , e t c . ;  p ro d u c t io n  o f  v o l a t i l e  o i l s  
from E u c a ly p ts  and some n a t iv e  s p e c ie s ;  
p ro d u c t io n  o f  i n d u s t r i a l  ch em ica ls  from saw dust .
(d )  M echanical T e s t in g  o f  l e s s e r  known 
s p e c ie s  w ith  th e  view to  prom oting t h e i r  u s e .
(Source : Annual R ep o r ts  o f  th e  FPRl)
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□ f 4415 a c re s , 12,618 a c re s  and 22 ,844  a c re s  in  197D, 1971 and 
1972 r e s p e c t iv e ly .  A s tea d y  im provem ent was made and by 1972 
i t  had been p o s s ib le  to  co ve r th e  p la n t in g  d e f i c i t s  o f  th e  p re v io u s  
y e a rs . The sp e c ie s  be ing  t r ie d  a re  T a r r ie t ia  u t i l i s , T e rm in a lia  
iv o re n s is  and C ed re la  o d o ra ta  in  th e  CLTA, and T r ip lo c h i t o n  
s c le ro x y lo n , Gm elina a rb o re a , Tectona g r a n d is . Mansonia a l t is s im a  
and a s m a ll amount o f  E u c a ly p ts  in  th e  o th e r  a s s o c ia t io n s  as w e l l  
as in  th e  t r a n s i t i o n  between th e  GTHF and th e  GSW.
The CCF has f i r m ly  emphasized th a t  p la n t in g s  a re  to  be 
c o n c e n tra te d  in  p o o r ly  s tocke d  fo r e s t  re s e rv e s  m a in ly  in  th e  CLTA 
and in  th e  ACA as w e l l  as in  th e  t r a n s i t i o n  a rea  a lre a d y  re fe r r e d  
t o .
3 .4  FOREST RESEARCH IN  THE GTHF
F o re s t Research is  done by th e  F o re s t P ro d u c ts  Research 
I n s t i t u t e  (FP R l) w ith  i t s  h e a d q u a rte rs  in  Kumasi ( i n  th e  CTA).
The FPRI was p a r t  o f  th e  F o re s tr y  D epartm en t, Ghana, b u t 
i t  was sepa ra ted  from  i t  in  O c tob e r 1963, and i t  has s in c e  rem ained 
a sem i-autonom ous body in  th e  C o u n c il f o r  S c ie n t i f i c  and I n d u s t r ia l  
Research (C S IR ). However, i t  w orks c lo s e ly  w ith  th e  F o re s try  
D e p artm en t.
I t s  main programme concerns s i l v i c u l t u r e  and u t i l i z a t i o n  
re se a rch  (T a b le  31 ) .  I t  is s u e s  p e r io d ic  N e w s le tte r  on i t s  a c t i v ­
i t i e s ,  b u t i t  i s  e a r ly  y e t to  o b ta in  c o n c re te  r e s u l t s  o f  i t s
a c t i v i t i e s .
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PART I I I  
CHAPTER 4
BENEFITS GAINED FROM THE GTHF
T h is  s e c tio n  d e a ls  w ith  bo th  th e  ta n g ib le  as w e ll  as 
th e  in ta n g ib le  b e n e f i ts  some o f  w hich have been re fe r re d  to  in  
e a r l i e r  s e c t io n s .  The b e n e f i ts  a re  m a in ly  th o se  d i r e c t l y  a f f e c t ­
in g  th e  r u r a l  a reas in  Ghana, those  a f f e c t in g  Ghana as a whole and 
b e n e f i ts  to  fo re ig n  c o u n tr ie s  buy ing  t im b e r  from  Ghana.
4.1 BENEFITS TO RURAL AREAS IN  GHANA
Innum erab le  b e n e f i ts  r e s u l t  from  th e  management o f  th e  
GTHF p a r t i c u la r l y  where s e le c t iv e  f e l l i n g  is  used . Among them 
a re  th e  fa l lo w in g :
( i )  C a p ita l in f lo w :  T h is  i s  u s u a l ly  in  th e  form
o f  p la n t  and equipm ent such as s a w m ill,  veneer 
and p lywood m i l l  p la n ts ,  c u t la s s e s ,  t im b e r  t r u c k s ,  
c a t e r p i l l e r s ,  d ie s e l m o to rs , w in ch es , c a b le s , 
power saws, e tc .  f o r  p re p a ra t io n  o f  th e  fo r e s t  
f o r  f e l l i n g  and e x t r a c t io n  o f  saw logs and 
c o n v e rs io n  in to  lu m b e r,v e n e e r and p lyw ood .
The p e r io d ic  in f lo w  o f  c a p i t a l  c o n tin u e s  so lo n g  
as th e  bus ine ss  f lo u r is h e s .  The c a p i t a l  in f lo w  
le a d s  to :
( i i )  Employment: I d le  and a b le -b o d ie d  persons as
w e l l  as those  u s u a lly  underem ployed a re  o f fe re d
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o p p o r t u n i t ie s  f o r  g a in f u l  em p lo ym e n t. These 
p e rs o n s  may in c lu d e  u n s k i l l e d ,  s e m i- s k i l le d  as 
w e l l  as s k i l l e d  p e rs o n s  who may be f i r s t  em ployed 
to  c a r r y  o u t s im p le  o p e r a t io n s  and th e n  t r a in e d  
on th e  jo b  to  a c q u ire  s k i l l s  r e q u i r in g  v a r io u s  
d e g re e s  o f  s o p h is t i c a t io n .  S k i l l s  o b ta in e d  
as a r e s u l t  o f  th o s e  needed by F o re s t  management 
in  r u r a l  a re a s  in c lu d e  t r e e  s p o t t e r s ,  f o r e s t  
g u a r d s , s i l v i c u l t u r a l  la b o u r e r s ,  pow er saw o p e ra t ­
o r s ,  t im b e r  t r u c k  d r i v e r s ,  s a w m ill t e c h n ic ia n s ,  
g ra d e rs ,  saw d o c to r s ,  k i l n  o p e r a to r s ,  o f f i c e  
c le r k s ,  c a r p e n te r s ,  masons, e t c .
M ost o f  th e  2 5 ,3 4 0 -4 7 ,5 4 0  p e rs o n s  em ployed on th e  
p ro d u c t io n  o f  lu m b e r, v e n e e r and p lyw ood  a n n u a l ly  
fro m  1966 to  1972 (T a b le  32 ) and some 2220 -52 60  
em ployed a n n u a l ly  by F o r e s t r y  d e p a rtm e n t d u r in g  
th e  same p e r io d  (T a b le  33 ) a re  pe rm anen t r u r a l  
d w e l le r s .  One v e ry  s i g n i f i c a n t  f e a tu r e  o f  f o r e s t r y  
and f o r e s t  p ro d u c ts  in d u s t r ie s  i s  th e  re m o v a l o f  
d is g u is e d  unem ploym ent in  r u r a l  a re a s  o f  Ghana. 
Thousands o f  r u r a l  d w e l le r s  engaged on a g r ic u l t u r e  
and th e  c o t ta g e  in d u s t r ie s  have i d l e  p e r io d s  o f  up to  
200 days in  th e  y e a r and many such p e rs o n s  can be 
a b so rb e d  by f o r e s t r y  w i th  p r a c t i c a l l y  no d e t r i ­
m e n ta l e f f e c t  on t h e i r  fo rm e r  e m p loym en t. In  
e f f e c t  f o r e s t r y  and fo r e s tp r o d u c ts  in d u s t r ie s  re d u c e
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unem ploym ent o r  unde rem p loym en t and th e r e fo r e  
in c re a s e  p r o d u c t i v i t y  o f  r u r a l  d w e l le r s .  An 
im p o r ta n t  consequence  o f  t h i s  i s  t h a t  r u r a l  
d w e l le r s  can r e l y  on a r e g u la r  s o u rc e  o f  incom e, 
in s te a d  o f  th e  p e r io d ic  s o u rc e  o f  incom e p ro v id e d  
by cocoa  w h ich  m a in ta in s  r u r a l  d w e l le r s  on a 
c o m fo r ta b le  s ta n d a rd  o f  l i v i n g  between November 
and May, and makes them  h e a v i ly  in d e b te d  to  money 
le n d e rs  fro m  a b o u t June to  O c to b e r  e v e ry  y e a r .  
F o r e s t r y  and F o re s t  p ro d u c ts  in d u s t r ie s  a re  
c h a r a c te r is e d  by :
( i i i )  C a p i t a l  a c c u m u la t io n  in  th e  fo rm  o f  a n n u a l in c r e ­
m ents o f  managed n a tu r a l  f o r e s t s  as w e l l  as 
p la n t a t io n s .  U nder p ro p e r  management c a p i t a l  
a c c u m u la t io n  e n s u re s  r e g u la r  em ploym ent in  f o r e s t  
p ro d u c ts  in d u s t r ie s .  The r e g u la r  m a in te n a n ce  o f  
th e  fo r e s t s  a ls o  p ro v id e s  a pe rm anen t s o u rc e  o f  
em ploym ent t o  r u r a l  d w e l le r s .  In  a d d i t io n  t o  th e  
above th e  s t r o n g  fo rw a rd  l in k a g e s  o f  f o r e s t r y  and 
f o r e s t  p ro d u c ts  in d u s t r ie s  have p ro d u ce d  1/ery 
im p o r ta n t  s o c ia l  e f f e c t s  e x te n d in g  beyond th e  r u r a l  
a re a s :
( i v )  Road c o n s t r u c t io n ,  w h ich  i n e v i t a b ly  p re c e d e s  f e l l ­
in g  and e x t r a c t io n  in  re m o te  a re a s  o f  h ig h  f o r e s t ,  
opens up th e  c o u n t r y  and e n co u ra g e s  fo o d c ro p  and
s u b s e q u e n t ly  cocoa  fa rm in g  in  u n re s e rv e d  f o r e s t s .
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Availability of food and cocoa leads to permanent 
settlements, and regular communications with the 
cities. The benefits in the form of income, 
housing, trade, etc,are enormous.
(v) Forestry and forest products industries provide 
improved housing for employees, and they bring 
in amenities such as good water supplies, electri­
city, hospitals, schools, post offices, banks, 
police, technical education, etc, normally not 
available in some rural communities.
(vi) In addition they also encourage flourishing busin­
esses in food, clothing, drinks, oil, etc.
(vii) They also help to develop and maintain industries 
based mainly on wood such as furniture industries, 
boat building, manufacture of boxes, cabinets, toys, 
fencing materials, tool handles, brush handles, 
shoe soles, charcoal burning and firewood retail.
The last two items are perhaps the most important 
adjuncts to sawmill, veneer and plywood mills in
A
rural areas of Ghana.
(viii) They also lead to a concentration of gainfully
employed and more comfortable rural dwellers who 
can afford to pay the regular annual levy of ^2.00 
per head to Local Councils. The revenue so collec­
ted enables the Councils to run schools and maintain 
health centres and other essential social services
in rural areas.
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Where th e  in d u s t r ie s  a re  e s ta b l is h e d  in  u rb a n  and 
c i t y  a re a s  s e v e ra l o f  th e  b e n e f i t s  o u t l in e d  such 
as c a p i t a l  in f lo w ,  em p loym en t, im p roved  h o u s in g , 
s m a ll b u s in e s s  in v e s tm e n ts ,  a ls o  f lo w  on t o  th e  
c i t y  and u rban  d w e l le r s .
4 .2  BENEFITS TO GHANA
The management o f  f o r e s t s  and th e  e s ta b l is h m e n t  o f  f o r e s t  
in d u s t r ie s  in  r u r a l ,  u rb a n  and c i t y  a re a s  in  th e  GTHF have v e r y  
im p o r ta n t  econom ic and s o c ia l  b e n e f i t s  in c lu d in g  th e  f o l lo w in g :
( a )  F o re ig n  exchange e a rn in g s  by th e  Ghana G overnm ent: 
C o n s id e ra b le  am ount o f  fo r e ig n  exchange (T a b le  32 ) 
i s  e a rn e d  by th e  Ghana G overnm ent t o  h e lp  pay f o r  
e x te r n a l  d e b ts  owed by th e  g o v e rn m e n t. A sub­
s t a n t i a l  am ount o f  c a p i t a l  in  th e  fo rm  o f  s a w m il ls ,  
p lyw o o d  and v e n e e r p la n ts  and e q u ip m e n t r e p r e s e n t ­
in g  f o r e ig n  in v e s tm e n ts  in  Ghana, a ls o  add t o  th e  
fo r e ig n  exchange e a rn in g s  by Ghana. B o th  th e s e  
e a rn in g s  r e p re s e n t  autonom ous i n je c t io n s  o f  spend­
in g  to  G hana ians (v a lu e s  o f  in v e s tm e n ts  and e x p o r ts )  
w h ic h  s h o u ld  r e s u l t  in  th e  in c re a s e  in  r e a l  G ross  
N a t io n a l  P ro d u c t .  The m u l t i p l i e r  e f f e c t s  o f  th e s e  
i n je c t io n s  may n o t be s p e c ta c u la r  s in c e  G hana ians 
may spend up t o  tw o - t h i r d s  o f  th e  a d d i t io n a l  incom e 
on f o r e ig n  g o o d s , b u t th e y  s h o u ld  be la r g e  enough 
to  re p re s e n t  r e a l  in c re a s e s  in  GNP.
(b )  E m p loym ent: The em ploym ent o f  a la r g e  num ber o f
p e rs o n s  a lr e a d y  r e f e r r e d  t o ,  i s  an im p o r ta n t  s te p
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to w a rd s  th e  a c h ie v e m e n t o f  f u l l  em ploym ent in  
f u t u r e .
( c )  In c re a s e s  in  C onsum ption  and In v e s tm e n t:  F o r e s t r y
and f o r e s t  p ro d u c t in d u s t r ie s  c o n t r ib u te  t o  in c re a s e s
in  c o n su m p tio n  and in v e s tm e n t by th e  e m p lo ye e s ,
%
t im b e r  p ro d u c e rs  and p ro c e s s o rs .  Some o f  th e  
c o n su m p tio n  f lo w s  on to  s u p p l ie r s  o f  o th e r  goods 
who can make f u r t h e r  in v e s tm e n ts  and e n su re  
f u r t h e r  in c re a s e s  ip  f u t u r e  c o n s u m p tio n . The 
a c tu a l  m u lt ip h e r  e f f e c t s  o f  em p loym en t, c o n s u m p tio n  
and in v e s tm e n t a re  unknown, b u t th e y  m ust be 
re a s o n a b ly  la r g e .
The c o n su m p tio n  o f  l o c a l l y  p ro d u ce d  lu m b e r , p ly w o o d , 
and v e n e e r , e s p e c ia l ly  f o r  d w e l l in g  c o n s t r u c t io n s ,  
r e p re s e n ts  a im p o r ta n t  d e c re a s e  in  th e  d r a in  on 
fo r e ig n  exchange and th e r e fo r e  a s i g n i f i c a n t  e f f o r t  
to w a rd s  th e  m a in te n a n ce  o f  a s ta b le  G hanaian 
c u r re n c y .
( d )  In c re a s e  in  ta x  re v e n u e : The Ghana G overnm ent
c o l l e c t s  ta x e s  on p r o f i t s  fro m  lo g  p ro d u c e rs ,  saw­
m i l l ,  v e n e e r and p lyw ood  m i l l  o w n e rs , and r e t a i l e r s  
o f  f o r e s t  p ro d u c ts .  These ta x e s  m ust have a sub­
s t a n t i a l  e f f e c t  on th e  f i s c a l  and m o n e ta ry  p o l i c ie s  
o f  th e  G overnm ent.
I n  a d d i t io n ,  em p loyees pay p a y r o l l  ta x e s  c o l le c t e d  
a t  so u rc e  and p a id  in t o  th e  s o c ia l  s e c u r i t y  fu n d
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by th e  Ghana G o ve rn m e n t.
( e )  A m o r t iz a t io n  o f  c o s ts  o f  s e r v ic e s :  F o r e s t r y  and
fo r e s t  p ro d u c ts  in d u s t r ie s  le a d  to  speedy a m o r t iz a t io n  
o f  th e  c o s t  o f  ro a d s , s h ip s ,  w a te r  s u p p l ie s ,  e le c t ­
r i c i t y ,  a e ro p la n e s , s in c e  th e s e  s e r v ic e s  a re  v e ry  
w e l l  used by th e  in d u s t r ie s .
( f )  S o c ia l  b e n e f i t s :  In  a d d i t io n  to  th e  above th e re
a re  a h o s t o f  b e n e f i t s  to  G hana ians in  th e  fo rm  o f :
( i )  R e d u c tio n  o f  p o p u la t io n  p re s s u re  on c i t i e s ;
( i i )  C e r t a in t y  o f  s u s ta in e d  y ie ld  fro m  cocoa  fa rm s
in  th e  fo rm  o f  in c re a s e s  in  cocoa  fa rm  a re a s  
in  e x p lo i t e d  u n re s e rv e d  f o r e s t s ,  and m a in te n ­
ance o f  th e  s u i t a b le  c l im a t i c  c o n d i t io n s  f o r  
th e  g ro w th  o f  cocoa ;
( i i i )  S a n c tu a ry  f o r  th e  b re e d in g  o f  w i l d l i f e ,
( i v )  Consumer s u rp lu s  and p ro d u c e r  s u r p lu s  s in c e  
th e  f o r e s t s  a re  co m m u n a lly  owned;
( v )  B e a u t i f i c a t io n  o f  th e  c o u n t r y s id e .
4 .3  BENEFITS TO COUNTRIES OVERSEAS
O ve rseas  c o u n t r ie s  such as I t a l y ,  F ra n c e , W este rn  Germ any, 
P o r tu g a l,  U n ite d  K ingdom , B e lg iu m  and Denmark t h a t  im p o r t  v e ry  sub­
s t a n t i a l  q u a n t i t ie s  o f  sa w lo g s  as w e l l  as sawn t im b e r  fro m  Ghana, 
and im p o r t in g  c o u n t r ie s  in  West A f r i c a ,  g a in  many b e n e f i t s  from  
t r o p i c a l  ha rdw ood s . Among th e  im p o r ta n t  b e n e f i t s  a re :
( a )  S a t is f a c t io n  o f  demands o f  in c r e a s in g  a f f lu e n c e  
f o r  h ig h ly  d e c o r a t iv e ,  u t i l i t y ,  and e x c e l le n t
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s t r u c t u r a l  t im b e r s .
( b )  S u b s ta n t ia l  in c re a s e  in  em ploym ent w h ich  i s  a 
f u r t h e r  s te p  to w a rd s  th e  a t ta in m e n t  o f  f u l l  
em ploym ent s t a t u s .
( c )  S u b s ta n t ia l  in c re a s e  in  fo r e ig n  exchange e a rn in g s  
fro m  o v e rs e a s  in v e s tm e n ts  in  t r o p i c a l  t im b e r s .
(d )  L a rg e  in c re a s e s  in  f o r e ig n  exchange fro m  th e  
e x p o r t  o f  p ro ce sse d  wood t o  o th e r  c o u n t r ie s .
The fo l lo w in g  q u o ta t io n  fro m  FAO (1 9 6 ? ) u n d e rs c o re s  
t h i s :  "The s t r i k i n g  fe a tu r e  o f  t r a d e  in  t r o p i c a l
hardw ood , p lyw ood  and v e n e e r i s  t h a t  a b o u t h a l f  o f  th e  
w o r ld s  e x p o r ts  comes fro m  c o u n t r ie s  o u ts id e  th e  
t r o p ic s  w h ich  m a n u fa c tu re  th e s e  p ro d u c ts  fro m  
im p o r te d  t r o p i c a l  hardwood lo g s " .  The am ounts 
o f  such saw log  e x p o r ts  fro m  West A f r i c a  have a l ­
re a d y  been g iv e n  (T a b le  2 0 ) .
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PART IV  
CHAPTER 5
THE EVALUATION OF SILVICULTURAL APPROACH 
TO FORESTRY IN  THE GTHF
T h is  c h a p te r  em phasizes th e  b e a r in g  th e  v a r io u s  fa c to r s  
re fe r re d  to  in  e a r l i e r  c h a p te rs  (jChaps. 2 -4 )  may have on s i l v i c u l t ­
u r a l  management o f  th e  GTHF. I t  a ls o  su gg e s ts  how those  fa c to r s  
have been o r  can be e f f e c t i v e ly  syn ch ro n ize d  w ith  th e  s i l v i c u l t u r a l  
methods to  a ch ie ve  th e  aim s o f  management.
S i l v i c u l t u r e  i s  u n d e n ia b ly  th e  d i r e c t  g u id in g  
p r in c ip le  a p p lie d  to  a l l  th e  managed fo r e s ts  o f  th e  w o r ld .  How­
e v e r, i t  i s  o n ly  a means to  an end. I t  canno t be a r b i t r a r i l y  chos­
en, bu t i t  shou ld  be th e  lo g ic a l  r e s u l t  from  th e  in te r a c t io n s  o f  
s o c io lo g ic a l ,  econom ic, b io lo g ic a l  and e n v iro n m e n ta l fa c to r s  w hich 
a re  to  be co n s id e re d  in  t h i s  c h a p te r .
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5 .1  SOCIOLOGICAL FACTORS AFFECTING MANAGEMENT OF ThE GTHF
The u l t im a te  o b je c t iv e  o f  management o f  th e  GTHF i s  th e  
w e lfa r e  o f  G hana ians in  p a r t i c u la r  and th e  w o r ld  in  g e n e r a l.  
S o c io lo g ic a l  f a c to r s  a f f e c t in g  human w e lfa r e  in c lu d e ,  o f  c o u rs e , 
econom ic and e n v iro n m e n ta l f a c to r s  b o th  o f  w h ic h  w i l l  be d e a l t  w i th  
s e p a r a te ly  and do n o t  t h e r e fo r e  a p p e a r in  t h i s  s u b -s e c t io n  w h ich  
i s  d e v o te d  to  c e r t a in  p e c u l i a r i t i e s  o f  th e  G hana ian  s o c ie t y .
These co n c e rn  F o re s t  Law, O w ne rsh ip  o f  F o re s t  r e s e rv e s  and th e  
e f f e c t s  o f  S h i f t i n g  c u l t i v a t i o n  and. Cocoa fa rm in g  on th e  m a in te n ­
ance o f  pe rm anen t f o r e s t  re s e rv e s  (S u b -s e c t io n  2 2 ,2 3 ) .
5 . 1 . 1  F o re s t  Law and F o re s t  Management in  th e  GTHF
The p ro b le m s  a f f e c t in g  th e  im p le m e n ta t io n  o f  th e  F o re s t  
Law ( s e c t io n  2 )  a p p e a r d is c o u ra g in g  t o  th e  f u t u r e  management o f  
th e  pe rm anen t f o r e s t  re s e rv e s  in  th e  GTHF. H ow ever, th e  re c o g ­
n i t i o n  by th e  Ghana G overnm ent o f  some o f  th e  im p o r ta n t  re a s o n s  
f o r  m a in ta in in g  a pe rm anen t f o r e s t  e s ta te  in  th e  GTHF (S u b -s e c t io n  
2 . 5 . 2 )  does in d ic a te  t h a t  th e  f u t u r e  o f  f o r e s t r y  can be b r i g h t .
An e f f e c t i v e  f o r e s t  Taw i s  th e r e fo r e  im m in e n t and th e  f o l lo w in g  
re co m m e n d a tio n s  a re  made:
( i )  The Ghana G overnm ent s h o u ld  s e t  up a c o m m itte e  
made up o f  th e  A t to r n e y  G e n e ra l* s  D e p a rtm e n t,
Lands D e p a rtm e n t, th e  P o l i t i c a l  A d m in is t r a t io n s  
w i t h in  th e  GTHF, th e  House o f  C h ie fs ,  F o r e s t r y  
D e p a rtm e n t, e t c ,  t o  make re co m m e n d a tio n s  to  G overnm ent 
as t o  th e  p re c is e  la w s  r e q u ir e d  f o r  th e  e f f e c t i v e
im p le m e n ta t io n  o f  th e  F o re s t  P o l ic y .
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(iij The recommendations, if approved by Government, 
should be enacted as a body of Forest Laws in a 
single volume, serially numbered with additional 
numbers for amendments, etc.
(iii) The laws should be circulated to Forestry, the 
law courts, the House of Chiefs, etc.
(iv) The Committee should meet at least once in 5 years 
to hear progress reports by the Forestry Department 
and perhaps the Law Courts, on the operation of the 
Forest Laws so that further recommendations, as 
appropriate, can be made and a new volume issued.
(v) The Forestry Department should in addition be able 
to present its case to the Ghanaian Public in the 
form of regular broadcasts, meetings, publications, 
etc, all geared to meet the needs of all sections 
and shades of opinions of the general public.
5.1.2 Ownership of Forest Lands and the Management of the GTHF
The importance attached to the delicate question of owner­
ship has already been expressed (sub-section 2.2). There will be 
no need for expropriation or outright purchase of any forest lands 
reserved by Government. The Government does not need tö go 
beyond the present conditions under which the Forest Lands are 
held in trust for the owners. However, the present method of 
forest land revenue to owners need to be changed. With proper safe­
guards land owners could be paid salaries relating to their average 
annual forest revenues and perhaps their status. Such salaries
could be budgeted for by the Local Administrations concerned and 
regularly paid by them. All revenues from forest reserves would 
then be paid into the forest fund or the appropriate government 
account. This will relieve the Forestry Department of unnecessary 
embarrassment, and the Lands Department of additional burden.
5.1.3 Shifting Cultivation and Cocoa Farming and their Effects
on Management of the GTHF
It has been said that the success of forest management may 
be measured not only in terms of good forestry and good economics 
but also on good politics (Zivnuska, 1966). A combination of all 
three appears to have been successfully applied in the Agri-silvi- 
cultural method (Taungya) of plantation establishment [sub-.section 
3.3.3). Forest trees are well spaced over the planted area to 
accommodate food crop cultivation for a period of 3 years during 
which the farmer maintains the area. He also takes part in the 
clearing, burning, collection of debris prior to cultivation.
He can increase his farm area, and alsp ensure annual cropping, by 
taking new areas for farming every year so long as.the plantation 
programme continues. The Forester deliberately encourages shift­
ing cultivation and gains- the co-operation of the farmer. Nutrient 
depletion by food crops may mean longer rotations, but the low 
cost of establishment may still help to make the plantation project 
economic.
This Forester - Farmer co-operation needs to be encour­
aged so long as it is clearly understood by all that it will be 
confined to certain patches of poor forest in the GTHF, and also 
that cocoa farming will not be tolerated. It is considered that a
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further extension of cocoa beyond areas outside forest reserves 
threatens the very existence of the GTHF and the future of cocoa 
itself (sub-section 2.5.2). Maintenance of the current cocoa 
production level (Table 16) must be achieved by rehabilitation of 
thousands of hectares of abandoned cocoa farms. Ghana has 
sufficient experience to be able to maintain the present level 
of really good quality cocoa production from those areas already 
planted up with cocoa. We may not be able to retain the position 
of being the largest producer of cocoa but we have the experience 
to be able to tell the world that we produce the best quality cocoa. 
We cannot afford to extend cocoa into forest reserves as Nigeria 
has attempted to do (Adeyoju, 1974).
The ultimate success of the patches of man-made forests 
will, however, depend on the continuation of the excellent co-oper­
ation between the Forestry Department and the FPRI so that the right 
type of species may be planted to supply, in the long term future, 
the required quality of timber in sufficient quantities to supple­
ment timber production from the natura] forests.
5.2 ECONOMIC FACTORS AND FOREST MANAGEMENT IN THE GTHF
Economic factors constitute the tangible criteria for 
human welfare (Worrell, 1970). In Forestry some of the most 
important economic factors are finance (Costs and returns), market­
able products, market situation, supply and demand all of which 
have been discussed in the sub-sections that follow:
5.2.1 Forest Finance
The financial aspects of Forestry affect cost and returns 
which also affect the rotation length or the felling cycle (section 
5.3).
Financial needs of forestry for costs of projects are 
such that they must be guaranteed over a long period commensurate 
with the long term nature of Forestry. Annual fiscal policies of 
modern governments create problems for Forestry projects. The 
Ghana Government, however, has long recognised the importance of 
Forest management in the GTHF and has made special arrangements 
in the form of a Forest Fund to ensure continuity of Forestry 
projects irrespective of when annual budgets are brought down.
This is a good policy that deserves to be pursued to achieve the 
aims of management.
Financial returns far outweigh the costs of management 
(Tables 32-34). However, the fixed royalties paid for trees 
(Sub-section 2.5.4.2) do not appear to be satisfactory.
It has been argued that the timber producer or sawmiller 
should pay royalty on the residnal value of the net volume as it 
stands in the forest, because this is the volume that is marketed
(Ken Phyllis, 1971). In Ghana this would mean payment of royalty 
on the value of approximately 35% of the volume of the tree less 
felling and extraction costs, transportation costs, etc.
(2G% of the tree is left in the forest and 57% of what is extract­
ed becomes sawmill waste). This is similar to charging the 
royalty on the profit (MacGregor, 1961). Available information 
on the costs and returns of the operations of timber firms is 
scanty, and until this is carefully studied the royalty rates should 
remain the same as they are. However, it is hoped that this study 
can be initiated as soon as practicable.
5.2.2 Marketable Products
The Lumber, veneer and plywood are required as general 
utility, structural and decorative timber. The specific uses of 
the lumbpr, veneer and plywood have been listed (Table 7). There 
are some 32G species still not well known on the timber market. 
Since wood species have been found to be interchangeable (Lorensen, 
1973), it is hoped that some of these species can be used as 
substitites if the FPRI can establish their specific qualities 
for any of the three uses, especially for decorative and struct­
ural purposes, for which tropical hardwoods have been found to be 
generally superior to temperate species. The research work by the 
FPFI in this direction deserves to be encouraged as it should be 
able to produce quick results.
5.2.3 The Future Market Situation
This sub-section will be divided into two, namely, 
future markets and future supply and demand.
151
5 .2 .3 .1  F u tu re  M arke ts
Assuming th a t  p a s t t re n d s  c o n t in u e , then  th e re  is  no 
d o u b t th a t  th e  overseas m arke t w i l l  c o n t in u e  to  be im p o r ta n t .  
However, th e  s e l le r s  need to  le a rn  more abou t th e  m arke t c o n d it io n s  
and i t  i s  recommended th a t  th e  GTMB, FPRI, th e  Ghana T im ber Assoc­
ia t io n  (GTA) and th e  F o re s tr y  D epartm ent c o -o p e ra te  to  s e t  up a 
m a rke t in t e l l ig e n c e  s e c t io n  to  s u p p ly  in fo rm a t io n  such as th e  
fo l lo w in g  to  a l l  concerned w ith  Ghanaian T im ber:
( i )  T ro p ic a l hardwood m arke t s i t u a t io n  in  d i f f e r e n t  
p a r ts  o f  th e  w o r ld .
( i i )  C u rre n t econom ic c o n d it io n s  o f  th e  m a jo r im p o r t in g  
c o u n t r ie s  l i k e l y  to  a f f e c t  th e  t ra d e  in  t r o p i c a l  
hardw oods.
( i i i )  T e c h n o lo g ic a l deve lopm ents l i k e l y  to  a f f e c t  th e  
t ra d e  in  t r o p i c a l  hardwoods.
( i v )  T ro p ic a l hardwood re s o u rc e s  o f  th e  w o rld  and
in v e s tm e n ts  (o ld  and new) in  t r o p ic a l  hardwood 
in d u s t r ie s  in  d i f f e r e n t  c o u n t r ie s .
( v )  A l t e r n a t iv e  m arke ts  f o r  Ghana t im b e r .
( v i )  L e v e ls  o f  s to c k p i le s  f o r  lu m b e r, venee r and p ly ­
wood in  th e  im p a r t in g  c o u n t r ie s .
( v i i )  P la n ts  and equ ipm ent f o r  f o r e s t  in d u s t r ie s  in  
d i f f e r e n t  p a r ts  o f  th e  w o r ld ,  e tc .
In  a d d i t io n  to  th e  m arke t in t e l l ig e n c e  re s e a rc h  i t  w i l l  
be n ece ssa ry  f o r  a l l  c o u n t r ie s  in  West A f r ic a n  re g io n  (E x p o r t in g  
and Im p o r t in g  c o u n t r ie s )  to  form  a West A f r ic a n  T im ber Resources
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A s s o c ia t io n  (WATRA) to  meet a t  le a s t  once in  a y e a r  to  exchange 
id e a s  on t im b e r  and t o  p u b l is h  p a p e rs .
5 . 2 . 3 . 2  F u tu re  S u p p ly  and Demand
I f  p a s t  t r e n d s  c o n t in u e  th e n  i t  i s  hoped t h a t  th e  a c tu a l  
f u t u r e  t im b e r  re q u ire m e n ts  f o r  Ghana w i l l  be as n e a r as p o s s ib le  
to  th e  f ig u r e s  in  th e  f o r e c a s ts .  H ow ever, th e  f o l lo w in g  f a c t o r s  
w h ich  a re  l i k e l y  t o  c re a te  m o d i f ic a t io n s  in  th e  p r o p o r t io n s  o f  
s u p p ly  and n o t th e  t o t a l  sa w lo g  p r o d u c t io n ,  s h o u ld  be w a tched  
c a r e f u l l y :
( i )  Ghana G overnm ents P o l ic y  o f  P a r t i c i p a t i o n .
( i i )  S te a d y  g ro w th  in  t im b e r  c o n s u m p tio n  by G h a n a ia n s ,
( i i i )  S aw log e x p o r ts ,
( i v )  S a w m ill w a s te .
Ghana G o v e rn m e n ts  P a r t i c ip a t io n  P o l ic y  
As a r e s u l t  o f  i t s  p a r t i c i p a t i o n  p o l ic y  th e  Ghana 
G overnm ent has s in c e  1972 e n te re d  in t o  e q u i t y  p a r tn e r s h ip s  w i th  
F o re ig n  ow ners o f  f o r e s t  p ro d u c ts  in d u s t r ie s  ( s a w m il ls ,  v e n e e r 
and p lyw ood  m i l l s ) .  T h is  c o u ld  a d v e rs e ly  a f f e c t  t r a d e  and in v e s t ­
m en ts , e s p e c ia l ly  fro m  th e  U n ite d  K ingdom , w h ich  has p e rh a p s  been 
more a f f e c te d  th a n  any  o th e r  E uropean c o u n t r ie s .  H ow ever, t h i s  
p o l ic y  i s  an in e v i t a b le  outcom e o f  u n f a i r  b u s in e s s  a rra n g e m e n ts  in  
th e  p a s t ,  and i t  i s  hoped t h a t  i t  w i l l  be a c c e p te d  in  good f a i t h .  
There  i s ,  h o w e ve r, th e  p o s s i b i l i t y  t h a t  th e  U n ite d  Kingdom  may 
d iv e r t  f u t u r e  in v e s tm e n ts  in  f o r e s t  p ro d u c ts  in d u s t r ie s  f o r  t r o p i c a l
hardw oods t o  th e  C e n t r a l  and S ou th  A m e rica s  w h ich  between them
3
have o v e r  1 5 0 ,0 0 0  m i l l i o n  M o f  m e rc h a n ta b le  t im b e r  as a g a in s t
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A f r ic a s  30,0GC m i l l i o n  M [L o re n s e n , 1 9 7 3 ) . I f  t h i s  happens i t  
s h o u ld  n o t be to o  d i f f i c u l t ,  th ro u g h  m a rk e t i n t e l l i g e n c e ,  to  f in d  
new b u ye rs  o v e rs e a s  o r  to  d i v e r t  a p e rc e n ta g e  o f  good q u a l i t y  m at­
e r i a l  to  th e  lo c a l  G hana ian  m a rk e t.  Ghana and West A f r ic a  in  
g e n e ra l a re  so s t r a t e g i c a l l y  p la c e d  t h a t  th e r e  w i l l  a lw a y s  be 
m a rk e ts  in  t im b e r  p ro d u c ts .  C u r re n t  in v e s tm e n ts  in  th e  in d u s t r ie s  
a f fe c te d  by th e  p a r t i c i p a t i o n  p o l i c y  need to  be c a r e f u l l y ,  w a tched  
and in c re a s e d  where n e c e s s a ry  t o  e n s u re  f u r t h e r  econom ies o f  
s c a le .
G row th  in  th e  C onsum ption  o f  F o re s t  P ro d u c ts  by Ghana
As i t  has a lr e a d y  been e x p la in e d  (S u b -s e c t io n  2 . 5 . 4 . 4 ) 
co n su m p tio n  o f  t im b e r  p ro d u c ts ,  e s p e c ia l ly  lu m b e r , by G hana ians 
i s  lo w .
F u r th e r  in v e s tm e n ts  in  s a w m il ls  a re  lo w  and i f  p a s t 
t r e n d s  c o n t in u e  i t  i s  v e ry  l i k e l y  t h a t  a c tu a l  p r o d u c t io n  o f  sawn 
t im b e r  w i l l  d e c l in e  and w i th  t h i s  w i l l  be e r i s e  in  th e  am ount o f  
s a w m ill w as te  as th e  fo r e c a s ts  c o r r e c t l y  in d ic a te  (T a b le  2 7 ) .
I f  th e  e x p o r t  m a rk e t f o r  lu m b e r c o n t in u e s  t o  re m a in  im p o r ta n t  
(a s  i t  i s  l i k e l y  t o  d o ) and th e  sawn t im b e r  e x p o r ts  r i s e ,  th e n  th e  
c o n su m p tio n  o f  sawn t im b e r  in  Ghana w i l l  re m a in  lo w , and in  f a c t  
d e c l in e  m a rk e d ly . I f  th e re  i s  t o  be an in c re a s e  in  th e  sawn 
t im b e r  a v a i la b le  t o  th e  G hanaian m a rk e t,  th e  b e h a v io u r  o f  th e  e x p o r t  
m a rke t f o r  sawn t im b e r  w i l l  need t o  be c a r e f u l l y  w a tched  a lo n g  
w ith  p o s s ib le  f u r t h e r  in v e s tm e n ts  in  sawn t im b e r ,  and p e rh a p s  
in c re a s e s  in  e f f i c i e n c y  o f  s a w in g .
U n lik e  sawn t im b e r  th e  c o n s u m p tio n  o f  v e n e e r and p ly ­
wood, th o u g h  a t  a v e r y  low  le v e l ,  a p p e a rs  t o  be in c r e a s in g ,  and
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t h i s  upward tre n d  in  consum ption  has been r e f le c te d  by th e  
fo re c a s ts  (T a b le  2 7 ) .  I t  is  re a so n a b le  to  s ta te  th a t  th e  
fu tu r e  consum ption  le v e ls  w i l l  be p o s s ib le  because o f  in ve s tm e n ts  
r e c e n t ly  made in  veneer and plywood m i l l s .
The fo re c a s ts  have n o t made any a llo w a n ce  f o r  th e  s u p p ly  
o f  t im b e r  from  th e  man-made fo r e s ts  because i t  i s  co n s id e re d  th a t  
these  fo r e s ts  w i l l  n o t y ie ld  any t im b e r  o f  im p o rta nce  up to  yea r 
2000 .
Sawlog E x p o rts
Some o f  th e  fa c to r s  th a t  have d isco u ra g e d  in v e s tm e n ts  
in  fo r e s t  p ro d u c ts  in d u s t r ie s  in  th e  West A f r ic a n  re g io n  have 
been a t t r ib u t e d  to  la c k  o f  m a n ag e ria l a b i l i t y ,  p o l i t i c a l  in s ta b ­
i l i t y ,  la c k  o f  t r a in e d  manpower and la c k  o f  f in a n c e .  Com parisons 
o f  p ro d u c t io n  and consum ption  o f  t im b e r  in  Ghana under th re e  ty p e s  
o f  Government from  1966 to  1968, 1969 to  1970 and 1971 to  1972 
(T a b le  18) shows th a t  changes in  Government do n o t appear to  have 
any s ig n i f i c a n t  e f f e c t s  on th e  t im b e r  in d u s t r y ,  and th e  e x p o r ts  
to  W estern Europe have c o n tin u e d  to  im prove i r r e s p e c t iv e  o f  what 
p o l i t i c a l  changes ta k e  p la c e .
E x p o rts  o f  lu m b e r, veneer and p lywood from  Ghana f o r  lo n g  
p e r io d s  sh o u ld  be enough to  d is p e l any dou b ts  abou t m a n a g e ria l 
a b i l i t y  and t r a in e d  manpower. In  fa irn e s s  to  th e  tra d e  i t  i s  
c o n s id e re d  necessa ry  f o r  Ghana to  e n te r  in to  t ra d e  agreem ents 
w ith  th e  saw log im p o r t in g  c o u n tr ie s  such as W estern Germany, F rance , 
I t a l y ,  e tc ,  to  ensure  th e  e s ta b lis h m e n t o f  lu m b e r, ve n e e r, and 
plywood m i l l s  in  Ghana and to  g ra d u a lly  phase o u t th e  s u p p ly  o f
sowings to those countries.
Such industries should cope with the lumber, veneer and 
plywood requirements now catered for by sawlog exports to the 
countries concerned. The point of crucial importance is the 
necessity for Ghana Government to make financial arrangements in 
equity partnership with the countries that may agree to the 
establishment of the mills.
If such an action is not taken the continued investments 
in mills overseas will ensure further economies of scale in those 
industries and this will lead to increases in sawlog exports as 
indicated by the forecasts. Such a situation will be detrimental 
to the retail trade in Ghana.
No increases in sawlog production beyond those in the 
forecasts should be anticipated, as this could be harmful to the 
stability of the forests. Export of sawlogs need to be stopped 
as soon as practicable with the co-operation of the buying 
countries.
5.2.3.2.4 Sawmill Waste
Allowance has been made in the forecasts of future 
production, exports and local consumption (Table 27) for sawmill 
wastes varying from 56°/o to 62°/o of the sawlogs reaching the sawmills 
The reasons for this have been given in sub-section 5.2.3 above. 
However, such a level of waste cannot be endured indefinitaly, and 
it is considered necessary for Ghana to finance research by the 
Kuman University of Science and Technology or some other agency, 
with the aim of finding means of reducing losses in wood conversion
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Savings made in conversion can be absorbed by the Ghanaian retail
market.
5.3 ENVIRONMENTAL FACTORS AFFECTING THE MANAGEMENT GF T-E GTHF
Soil erosion, water turbidity, forest clearing and general 
environmental pollution adversely affect the biological stability of 
the GTHF as already explained (sub-section 2.4.5.8). The nature
of logging operations (sub-section 2.5.3) is such that a certain 
amount of temporary damage to the environment is unavoidable, but 
the damage can be minimized by improving logging standards and 
shortening the period over which logging takes place.
This could reduce the extent of erosion and ensure the 
early return of wildlife.
Logging hygience will be necessary to reduce the 
amount of environmental pollution. To ensure that the general 
environment of the GTHF is not seriously damaged, it will be 
necessary to adopt the following guidelines:
(i) The location of logging roads and loading stations 
should continue to be the responsibility of the 
District Forest Officer and the concessionaire 
working together; and the final layout of the 
road should be approved by the District Officer 
only after a ground reconnaissance.
(ii) Roads should be well cambered and consolidated to 
allow running water to move freely but as such a 
velocity as to cause very little erosion of
surface soil.
Uv)
M
(vi)
(.vii)
(viii)
Cix)
(iii)
(x)
Roads should avoid steep slopes and steep hill­
sides where practicable, and they should have 
a normal longitudinal gradient of 1 in 40, and 
and a ruling gradient of not more than 1 in 10 in 
difficult areas.
Culverts and bridges, with allowance made for 
safety margins, should be constructed over 
streams that must be crossed.
Side drains should always be kept clear and 
clean, and pot-holes should be filled and 
consolidated as soon as they appear.
Waterlogged areas should be avoided as much as 
possible in the location of logging tracks.
Where directional felling is practicable trees 
should be felled into areas where the least 
damage to the residual stand can result.
Trees, saplings and poles bent as a result of 
felling should be released either by removing 
entangled climbers or by cutting them back. 
Fellings should be restricted to trees marked 
for felling and none other. Regular inspections 
of felling areas by the District Staff should be 
encouraged to continue.
The tops of trees falling into streams should be
removed to clear the stream channel, where such
an action is practicable.
(xi) Concessionaires should not leave compartments if 
felling is not completed/
(xii) The logging staff should not be allowed to use
snares, fishing nets. Guns should only be used 
in self defence.
(xiii) Fossil fuels, empty cans, discarded parts of 
machines, waste paper and plastics, should be 
carried back to the mills and disposed of at the 
appropriate places.
(xiv) The District Officer should have the right to
suspend logging operations of concessionaires who 
persistently fail to observe the necessary environ­
mental constraints.
In plantation areas the following precautions should be 
taken in addition to the those already outlined:
(i) The area of a continuously cleared b61t of man­
made forest should not exceed 1-3 square miles 
depending on how poor the forest is and the number 
of rivers present and nature of the terrain.
(ii) Watersheds and large rivers should be left in the 
natural forest where they occur in plantation 
areas.
(iii) The interval between felling, burning and planting 
should be reduced to the minimum practicable.
(iv) Seed imports should be avoided if possible, other-
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wise strict quarantine regulations should be 
observed.
The observance of the above listed points will not only 
ensure the achievement of the necessary environmental hygience for 
the maintenance of stability, but it will also leave the forests in 
the suitable condition for people who may in future visit them for 
various reasons such as rejuvenation, spartanism, primevalism, 
achievement, and escapism (Hendee,1969).
5.4 ECOLOGICAL AND BIOLOGICAL FACTORS AFFECTING MANAGEMENT
OF Thfc GTHF
In general the GTHF are climatic climax forests in 
dynamic equilibrium with the climate, soil and other biotic factors 
of the environment.
They undergo very slow but steady change, recycle them­
selves through death, putrefaction, nutrient uptake, regeneration 
of species that attain different sizes, storeys, and have different 
light demanding characteristics at different ages. Death may result 
naturally from disease, senescence, and mechanical effects in 
patches to ensure sufficient openings that make the recycling process 
possible.
Elaborate information has been given on species environ­
ment relationships, competitive ability, biomass limitation, growth 
rates of selected species and the significant effects of canopy 
cover (Chapter 2) and these need not be repeated.
A point of singular importance that has also been 
stressed several times in earlier sections is the need to maintain 
the GTHF in a natural and relatively stable condition, that is, to
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m a in ta in  th e  c o n t in u e d  o p e r a t io n ,  in  p e r p e t u i t y ,  o f  th e  e c o lo g ic a l  
and b io lo g ic a l  p ro c e s s e s  in  a c co rd a n ce  w i th  th e  o b je c t iv e s  o f  
m anagem ent.
The p ro b le m  th e n  i s  t o  d e te rm in e  th e  s i l v i c u l t u r a l  manage­
ment t h a t  i s  b i o l o g i c a l l y ,  e c o lo g ic a l ly ,  s o c io lo g ic a l l y  and e n v ir o n ­
m e n ta l ly  sound [F lo r e n c e ,  1 9 7 0 ) . C y c l ic a l  re m o v a l o f  s e le c te d  t r e e s  
o f  MEG has been fo u n d  to  be b a s ic a l l y  sound as i t  can c re a te  c o n d i t ­
io n s  s im i l a r  t o  th o s e  o f  n a tu r a l  p e r io d ic  sh o cks  caused by th u n d e r ­
s to rm s  and d is e a s e s .  The t r e e s  f e l l e d  d u r in g  th e s e  c y c l i c a l  
o p e r a t io n s  have s a t i s f a c t o r i l y  m a in ta in e d  r e g u la r  o p e ra t io n s  in  
s a w m il ls ,  p lyw ood  and v e n e e r m i l l s  in  Ghana and W estern  E u ro p e , and 
have a ls o  m a in ta in e d  in  b u s in e s s  many c o n c e s s io n a ire s  who c o n c e n tra te  
m a in ly  on lo g g in g  o f  t r o p i c a l  ha rd w o o d s . A l l  th e  above have ta k e n  
p la c e  d e s p i te  th e  lo w  y ie ld  fro m  f o r e s t  re s e rv e s  [S u b -s e c t io n  2 . 4 . 5 . 4 ) .  
W ith  d w in d l in g  r e s e r v e s  o f  m e rc h a n ta b le  econom ic  t r e e s  fro m  a re a s  
o u ts id e  f o r e s t  r e s e r v e s ,  th e s e  f o r e s t  r e s e rv e s  a re  g o in g  t o  be th e  
m ain s u p p l ie r s  o f  s a w lo g s  in  f u t u r e .  I t  i s  c o n s id e re d  t h a t  th e  
p re s e n t  lo w  y ie ld  can  c o n v e n ie n t ly  be d o u b le d  to  meet th e  demand as 
in d ic a te d  by th e  fo r e c a s ts  p ro v id e d  th e  l i s t  o f  econom ic s p e c ie s  is  
e x te n d e d , and p ro v id e d  th e  f e l l e d  a re a s  a re  g iv e n  a s u f f i c i e n t  p e r io d  
o f  r e s t  f o r  r e c u p e r a t io n .
Such a c o n s e r v a t iv e  management o f  th e  m ixed  s p e c ie s  
f o r e s t s  i s  n o t new. In  s u b - t r o p ic a l  Q ueensland  m ixed  s p e c ie s  
n a tu r a l  E u c a ly p t  f o r e s t s  have been c o n s e r v a t iv e ly  managed w i th  a 
m inimum d is tu rb a n c e  a t  each lo g g in g ,  and w i th  th e  m a in te n a n ce  o f  an 
i r r e g u la r  s ta n d  s t r u c t u r e  [F lo r e n c e ,  1 9 7 0 ) . H ow ever, e x p e r ie n c e  in
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Ghana has shown th a t  the  th in n in g s  t h a t  p recede th e  s e le c t iv e  
f e l l i n g s ,  though fu n d a m e n ta lly  sound, canno t be expected  to  a ch ieve  
r e s u l t s  b e t te r  o r  even s im i la r  to  th o se  n a t u r a l ly  ach ieved  w ith o u t  
human a s s is ta n c e  (S e c tio n  3 ) .  In  a d d it io n  th e se  th in n in g s  have 
in tro d u c e d  a f u r th e r  e n v iro n m e n ta l prob lem  in  th e  form  o f  sodium 
a r s e n ite .  The b io lo g ic a l  e f f e c t s  o f  a r s e n ite  a re  d e t r im e n ta l to  
th e  s t a b i l i t y  o f  th e  GTHF, n o t to  m en tion  th e  a d d i t io n a l  po ison s  
th a t  a rs e n ite  can in tro d u c e  in to  w a te r s u p p ly  in  a reas w i th in  th e  
GTHF.
The fo l lo w in g  recom m endations a re  th e re fo re  made f o r  th e  
management o f  th e  GTHF:
( i )  T ha t c y c l i c a l  f e l l i n g s  under th e  p o ly c y c l ic  system  
be c o n tin u e d  b u t t h a t  th e  tim e s  o f  passage (TOP) 
used in  y ie ld  c a lc u la t io n  be e x te n d e d . The TOP 
o f  70 ye a rs  (m inimum) f o r  C la ss  I  t re e s  between 
5 - 7 f t .  and 9 -1 1 f t .  g i r t h  c la s s e s ,  and 80 yea rs  
(m inimum) f o r  C lass  I I  t r e e s  between 3 - 5 f t .  and 
7 - 9 f t .  g i r t h  c la s s e s , is  recommended. These TOP 
w i l l  b e t te r  ta ke  in to  c o n s id e ra t io n  th e  v a r ia t ­
io n s  in  g row th  ra te s  o f  econom ic s p e c ie s .
( i i )  T h a t th e  y ie ld  c a lc u la t io n  be based on a re a , TOP, 
MEG, d e n s ity  o f  s to c k in g ,  and an economic in d ex  
a f f e c t in g  th e  m arke t s i t u a t io n  a t  th e  t im e  o f  
f e l l i n g .  The economic in d e x  may be c a l le d  th e  
M a rg in a l P ro p e n s ity  to  Produce o r  E x p o rt (MPP o r  
MPX). I f  the  c a lc u la te d  y ie ld  based on th e  f i r s t
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four variables referred to above is removed from 
say 4 sq. miles of forest selectively felled per annum, 
and market intelligence reports indicate that where prices 
in real terms were /10G during the previous year, and are 
currently /120 for the same product (say sawn timber for 
the major export species), then MPX* = 9/11 for lower 
current prices and 13/11 for higher current prices. The 
actual area to be selectively felled annually then becomes 
3.27 sq. miles when market conditions are unfavourable 
for production and 4.73 sq. miles under favourable market 
conditions. This flexibility will be necessary to maintain 
prices at reasonable levels during trade cycles without 
unnecessarily upsetting the manpower engaged on forestry 
operations•
(iii) That the minimum merchantable girth limits be strictly 
maintained at their present levels of 11ft. for all 
economic classes except for Lovoa trichilioides, Terminalia 
ivorensis, Guarea cedrata and classes Ic and lib which 
may all be felled at 7ft. These latter species reach 
merchantable sizes at lower girths. The establishment of 
plantations in patches of natural forests (Sub-section 5.1.3) 
should continue as these plantations are likely to become 
an important supplement in the long term because of their 
advantages in species concentration, bolewood volume productior
£ [1 0 0  + 120)
*
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ease of supervision, roading, harvesting and growing 
stock control (Florence, 1973).
(iv) That a large percentage of the GTHF irrespective of 
floristic association and productivity in terms of 
economic classes, but strategically placed to maintain 
the required protective function, be dedicated as a 
permanent natural tropical high forest. Such a 
dedication should be considered as sacrosanct even though 
the cyclical selective fellings will continue where 
necessary.
(v) That encouragement be given to logging and processing 
methods that will lead to a reduction in timber damage 
by insects.
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PART V
CHAPTER 6
SUMMARY OF RECOMMENDATIONS
T h is  s e c t io n  i s  in te n d e d  to  sum m arise  th e  v a r io u s  recom ­
m e n d a tio n s  made t o  meet th e  e c o lo g ic a l ,  b i o l o g i c a l ,  s o c io lo g ic a l  
and e n v iro n m e n ta l needs o f  th e  GTHF.
B r i e f l y  th e s e  reco m m e n d a tio n s  a re  as f o l lo w s :
( i )  The d e d ic a t io n  o f  a la r g e  p e rc e n ta g e  o f  th e  GTHF
to  perm anen t n a tu r a l  s ta b le  f o r e s t  t o  s u p p ly  d i r e c t  
s h o r t  te rm  as w e l l  as lo n g  te rm  b e n e f i t s  in  th e  
fo rm  o f  t im b e r ,  and m a te r ia ls  f o r  c o t ta g e  in d u s t ­
r i e s ,  as w e l l  as i n d i r e c t  b e n e f i t s  in  th e  fo rm  
o f  m a in te n a n ce  o f  e q u a b le  c l im a te  f o r  th e  g ro w th  
o f  a g r i c u l t u r a l  c ro p s  and f o r  th e  p r o te c t io n  o f  
s o i l  and w a te r .
( i i )  The u p -d a t in g  o f  f o r e s t  la w s  to  d e a l e f f e c t i v e l y  
w i t h  in f r in g e m e n ts  u n d e r r a p id l y  c h a n g in g  s o c io ­
econom ic  c o n d i t io n s  o f  a d e v e lo p in g  c o u n t r y  such  
as Ghana. T h is  i s  t o  be accom pan ied  by p u b l ic  
e d u c a t io n  on f o r e s t r y  in  th e  fo rm  o f  r e g u la r  b ro a d ­
c a s ts ,  m e e tin g s , p u b l ic a t io n s  a im ed a t  th e  c r o s s -  
s e c t io n  o f  th e  g e n e ra l p u b l ic  in  Ghana.
( i i i )  The s t r e a m l in in g  o f  d is b u rs e m e n ts  o f  f o r e s t  re v e n u e s  
to  la n d  ow ners by a rra n g e m e n ts  w h ich  w i l l  e n su re  
r e g u la r  paym ents o f  s a la r ie s ,  com m ensurate w i th
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a n n u a l re ve n u e  d is b u rs e m e n ts ,  th ro u g h  th e  lo c a l  
p a l i t i c a l  a d m in is t r a t io n .
( i v )  The c o n t in u a n c e  o f  th e  F o re s te r^ F a rm e r  c o - o p e r a t io n  
in  th e  e s ta b l is h m e n t  o f  man-made f o r e s t s  w h ich  
s h o u ld  be r e s t r i c t e d  to  c e r t a in  s e le c te d  a re a s  in  
th e  GTHF. The s t r i c t  a d h e re n c e , in  such  a re a s , 
to  th e  c o n d i t io n s  t h a t  no perm anen t cocoa  c ro p  i s  
to  be t o l e r a t e d .
( v )  The o p e ra t io n  o f  th e  F o re s t  Fund s h o u ld  c o n t in u e  
and i t  s h o u ld  a l lo w  s u f f i c i e n t  f l e x i b i l i t y  to  
e n a b le  lo n g  te rm  p r o je c t s  t o  be u n d e rta k e n  
i r r e s p e c t i v e  o f  th e  t im e s  o f  G overnm ent b u d g e ts .
( v i )  The i n i t i a t i o n  o f  s tu d ie s  on th e  c o s ts  and r e tu r n s  
o f  t im b e r  o p e ra t io n s  w i th  th e  v ie w  to  p o s s ib le  
r e v is io n  o f  stum page r a t e s .
( v i i )  E ncouragem ent o f  re s e a rc h  by th e  FPRI in t o  th e
q u a l i t i e s  o f  le s s e r  known s p e c ie s  and t h e i r  sub­
s e q u e n t p ro m o tio n  as s u b s t i t u t e s  f o r  d e c o r a t iv e ,  
g e n e ra l u t i l i t y  and s t r u c t u r a l  t im b e r .
( v i i i )  The s e t t in g  up o f  a M a rke t I n t e l l i g e n c e  d e p a rtm e n t 
to  p ro v id e  th e  t im b e r  in d u s t r y  w i t h  a l l  f a c t s  
p e r t a in in g  to  th e  m a rk e t c o n d i t io n s  and a c q u is i t io n  
o f  p la n ts  and e q u ip m e n t and in v e s tm e n t o p p o r t u n i t ie s ,
( i x )  The c o n t in u a n c e  and f u r t h e r  encou ragem en t o f  Ghana­
ia n  p a r t i c i p a t i o n  in  th e  F o re s t  p ro d u c ts  in d u s t r ie s ,  
and th e  c o n c lu s io n  o f  a g reem en ts  by Ghana and sa w lo g
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importing countries for the establishment of sawmills 
and especially veneer and plywood mills in Ghana on 
equity participation basis.
(x) Encouragement of research by FPRI or Kumasi University
of Science and Technology aimed at reducing sawmill waste.
(xi) The enforcement of logging hygiene to reduce environmental 
pollution•
(xii) The continuance of cyclical fellings under the polycyclic 
system in permanent natural forests but with times of 
passage between size classes increased for yield 
calculation, and with an economic index built into the 
effective area of the annual coupe to ensure flexibility,
(xiii) The strict adherence to the MEG of 11ft. and 7ft.
depending on the biological behaviour of the economic 
species.
(xiv) The adoption of logging and processing methods that will 
reduce waste resulting from insect attack.
167
BIBLIOGRAPHY
A dekun le , A .Ü . 1971. The n o n -t im b e r f o r e s t  re s o u rc e s  o f  th e  h ig h  
fo r e s t  a reas o f  N ig e r ia .  N ig e r ia n  J o u r .  F o r .  V o l .  1,
No. 1.
A de yo ju , S .K . 1974. F o re s t Resources o f  N ig e r ia .  Comm. F o r .  Rev. 
V o l.  5 3 (2 ) No. 156.
Ahn, P.M. 1959. S o i l /V e g e ta t io n  r e la t io n s h ip s  in  th e  W estern F o re s t 
A reas o f  Ghana.
Anon, 1966. Animaux sauvages du Togo e t  de L * A fr iq u e  O c c id e n ta le .
_____  1970. The F o re s t Resource and i t s  use . Paper p re sen ted
to  F o re s tr y  r e f r e s h e r  c o u rse , V ic t o r ia  Sch. o f  F o r .
C resw ick , May 17 -28 .
Asmah, J .  1970. Developm ent o f  G rad ing  r u le s  f o r  t im b e r  o f  m ixed
t r o p ic a l  f o r e s t s .  Management Sem inar f o r  th e  GTHF, Ghana. 
A sh le y , A.W. 1956. Lands -  An FAQ Land Tenure S tud y , Rome. 
A n in -B onsu , B. 1970. What do we do w ith  ove rm a tu re  tre e s  in  Ghana?
Management sem ina r f o r  th e  GTHF, Ghana.
Baade, H.W. A f r ic a n  Law.
B aidoo, J .F .  1970. Y ie ld  R e g u la tio n  in  th e  H igh F o re s ts  o f  Ghana. 
Management Sem inar -  th e  GTHF.
197Q. The S e le c t io n  System as p ra c t is e d  in  Ghana.
Comm. F o r .  Rev. V o l.  4 9 (2 ) ,  No. 14G, June, 1970.
B eaz ley , R. ( n . d . ) .  P la n n in g  and d eve lo p m en ta l re q u ire m e n ts  in  th e  
F o re s t Land S e c to r  o f  le s s  deve loped  c o u n t r ie s .
168
Bendt, H.W. and Swank, G.W. 197G. Forest Land-Use and Streamflow 
in Central Oregon. USDA For. Serv. Res. Paper PNW-93. 
Birmingham, Newstadt and Omaboe, 1967. A study of contemporary 
Ghana. Vol. 2.
Bletchley, J.D. 1961. A review of factors affecting abrosia
beetle attack in trees and felled logs. Emp. For. Rev.
Vo. 40 (13-18).
0
Cansdale, C.S. I960. Animals of West Africa. Longmans Lond.
Carron, L.T. 1974. Lecture notes for M.Sc. Course Work.
Casely-Hayford, J.E. 1971. The truth about the West African Land
question.
Clifford, J. and Gavin Osmond, 1971. World Development Handbook. 
Charles Knight & Co., London.
Connaughton, C.A. 1970. The revolt against clear-cutting. J. For. 
68:264-265.
Cromer, D.A.N. 1967. Forest Management. World Symposium on Man-Made 
Forests and their Industrial importance. Canberra,
14-25 April, 1967.
Danso, L.K. 1966. Enrichment and Management of the GTHF (unpublished). 
Darlington, F. 1968. Impacts of man on the Biosphere. Proceed.
of Inter Govt. Conf. of Experts on Sc. Basis for rational 
use and Cons, of the resources of the Biosphere. Paris,
4-13 Sept. 1968.
Dawkins, H.C. 1958a. The management of the natural tropical high 
forests with special reference to Uganda. Oxford For.
Inst. Paper 34
169
Dawkins, H.C. 1961, New Methods of Improving Stand Composition
in the tropical high forests* Caribbean Forester, Vol.22, 
Nos. 1 + 2: 12-20.
1963. Crown diameters. Their relations to bole 
diameter in tropical forest trees. Comm. For. Rev.
Vol. 42 : 318-333.
1965. Problems of natural regeneration, plantations 
and research. Report to For. Div. of Mins, of Natural 
Resources, Sierra Leone.
Dorner, P. 1972. Land Reform and Economic Development. Frank Cass 
& Co., London.
Dowdle, B. 1962. Investment Theory and Forest Management Planning. 
Yale Univ. Sch. of For. Bull. 67.
Elias, T.O. 1971. Nigerian Land Law, London.
Lyre, S.R. 1968. Vegetation and Soils, a world picture.
Duffield and Dawes, K.P. Society of
FAÜ, 1966-1967. Annual Forest Products Market Review, Geneva.
________ 1967-1968. Annual Forest Products Market Review, Geneva.
1968-1969. " " " " " "
1969-1970. it it it
1970-1971. it it •I
1971- 1972.
1972- 1973.
1973-1974. it ii ii •I it ii
1967. World Trends and Prospects. FAO Basic Study No. 16
Published in Wood
170
Ferguson, I . S .  1974. L e c tu re  Notes f o r  M .Sc. Course Work.
1973. 
ANU P aper.
Land-Use P la n n in g , A n a ly s is  f o r  A c t io n .
1974. 
ANU Paper.
F u tu re  F o re s t P o l ic y .  An A n a ly t ic a l  Review .
F lo re n c e , R.G. 1974. L e c tu re  Notes f o r  M .Sc. Course Work.
1967. F a c to rs  th a t  may have a b e a rin g  upon th e  d e c l in e
□ f  p r o d u c t iv i t y  under fo r e s t  m o n o c u ltu re . A u s t. F o r. 31 :
5 0 -7 1 .
_____ 1970. C o n s e rv a tiv e  S i l v i c u l t u r a l  P ra c t ic e  in
I r r e g u la r  b la c k b u t t  f o r e s t .  Comm. F o r. Rev. V o l 4 9 (1 ) ,  No. 13E
___  1972. Resource Use, B io lo g ic a l  and E n v iro n m e n ta l
P la n n in g  f o r  E u c a ly p t F o re s t Management. 2 6 th  G enera l 
C o n f. A p p ita ,  H o b a rt, Feb. 1972.
1973. S i l v i c u l t u r a l  P ra c t ic e  in  E as te rn  Hardwood
F o re s ts . J o u r .  F o r. V o l . 71, No. 8 , Aug. 1973.
FPRI, 1967. Annual R eport o f  FPRI, Ghana.
F ra n c o is , J .H . 1972. A nnual R epo rts  o f  th e  F o re s try  D iv is io n ,  M in s .
o f  F o r. Ghana, 1966-1971.
______________ 1974. A nnual R eports  o f  th e  F o re s try  D iv is io n ,  M ins .
o f  F o r. Ghana, 1972.
F reese , F . 1962. E le m e n ta ry  F o re s t S am p ling . USDA F o r. S e rv . Pub.
Ghana G o v t. ,  1969. Economic S urvey R eport Ghana P u b lis h in g  Comp.
1974. R e p ort o f  th e  S a la ry  Review C om m ittee.
Ghana P u b l. C orp .
G ilm o u r, D.A.  1971. The e f f e c t s  o f  lo g g in g  on s tre a m flo w  and s e d i­
m e n ta tio n  in  a N o rth  Queensland r a in f o r e s t  ca tch m e n t.
Comm. F o r. Rev. 50 : 3 9 -4 8 .
171
Hendee, J .C . ,  C a tto n , W.R. J n r . ,  M arlow , L .D . and Brockman, C .F . 1969.
W ilde rn e ss  u se rs  in  th e  P a c i f ic  N o rth  West, t h e i r  c h a ra c te r ­
i s t i c s ,  v a lu e s , and management p re fe re n c e s . USDA F o r.
S e rv . Res. Paper PNW-61.
H i l l ,  L . Land and P eop le , Leonard H i l l  Books.
I r v in e ,  F .R . 1961. Woody P la n ts  o f  Ghana. O x fo rd  U n iv e r s i t y  P re ss . 
Ja ck , W.H. 1958b. Low p e rcen tage  e num era tion  f o r  Management in  th e  
Ghana T ro p ic a l H igh  F o re s ts .  P roceed , o f  West A f r ic a n  
F o r. C on f. a t  P o in te  N o ire , 8 9 -10 3 .
1961. The S p a t ia l  d i s t r ib u t io n  o f  T ree S pec ies  in  th e  
T ro p ic a l H igh F o re s t.  Emp. F o r. Res. V o l . 40 £ 234 -240 . 
Johnson, D .R. 1972. F o rm u la tio n  and Im p le m e n ta tio n  o f  F o re s t
P o l ic y .  F o r. Commission Res. Developm ent P a p e r., J u ly  1972. 
Keay, R .W .J. 1961. Inc rem en t in  th e  Okomu F o re s t R eserve, B e n in .
Proceed o f  13 th  Congress o f  IUFRO.
Kovda, P ro f .  V. 1968. C ontem prary S c ie n t i f i c  co nce p ts  r e la t in g  to
the  b io s p h e re . P roceed, o f  I n t e r  G o v t. C o n f. o f  E x p e rts  on 
Sc. B as is  f o r  r a t io n a l  use and Cons, o f  th e  re s o u rc e s  o f  th e  
B io s p h e re . P a r is ,  4 -13  S e p t. 1968.
L a n c a s te r, P .C . 1961. E xpe rim en ts  w ith  n a tu r a l re g e n e ra tio n  in  
Gmo F .R . N ig e r ia n  F o re s try  In fo rm a t io n  B u l l .  No. 13.
Lane, D .A . 1958. Notes on S i l v i c u l t u r a l  Methods in  use in  Ghana.
P roceed ings  o f  th e  2nd I n t e r - A f r ic a n  F o re s tr y  C onfe rence  
a t  P o in te  N o ire , 236-237 .
L e a f, A .L . and Leonard , R .E . Measurement o f  E n v iro n m e n ta l
C h a r a c te r is t ic s  o f  a F o re s t S ta n d . XIV IUFRO-KONGRESS Sec.
21 : 281-297 .
172
Leslie, A.J. 1971. Economic Problems in Tropical Forestry,
FAO, Rome.
Lorensen, C.C. 1973. Future sources of hardwood supplies. Comm.
For. Rev. Vol. 52(4) No. 154, Dec. 1973.
Mervart, J. 1972. Growth and mortality rates in the natural
tropical high forests of Western Nigeria. Nigerian For. 
Information Bull. (New Series) 22. Federal Dept, of For., 
Ibadan.
Mooney, J.W.C. 1958. Selection Management in the tropical moist
semi-deciduous forests of Ghana. Proceedings of the 2nd 
Inter-African For. Conference at Pointe Noire, 147-157.
_____________ 1961. Site indices in natural and selection forest.
Proceedings of the XIII IUFRÜ Congress Paper No. 23/3-S/l.
1962. The tropical shelterwood system in the high 
forest of Ghana. Proceedings of the Bth British Comm. 
For. Conf., 205-208.
MacGregor, J.J. I960. Economics and the use of Land for Forestry. 
UNASYLVA, Vol.14, No.2.
1961. A possible mechanism for determining timber 
fees and royalties. Emp. For. Rev. Vol. 40 : 154-161. 
Mohr, E.C.J. and Van Baren, 1959. Tropical Soils.
Nelson, A.W. 1971. An environmental approach to silviculture.
Jour. For. 1971 : 322-334.
Nye, P.H. 1954. Some soil formaing processes in the humid tropics. 
Jour. West. Afric. Sc. 7-21.
173
O v in g to n , J .D . 1965, O rg an ic  p ro d u c t io n ,  tu rn o v e r  and m in e ra l 
c y c l in g  in  woodland* B io l .  Rev. 40 : 2 95 -336 .
Owusu, J .G .K . 1972. F o re s t Laws o f  Ghana and C o u rt P ro ced u re .
P arkes, E .D . 1974. L e c tu re  N otes f o r  M .Sc. Course W ork.
P h i l l i s ,  K . 1971. Management In v e n to ry  o f  I r r e g u la r  B road leaved 
F o re s ts  o f  A u s t r a l ia .  Ph.D . T h e s is , A .N .U .
R a t tra y ,  C a p t. R .S . 1969 (R e v is e d ) .  A s h a n t i.
R e i l l y ,  J . J .  1972. The im p l ic a t io n s  o f  in c re a s e d  demand f o r  
F o re s t P ro d u c ts  to  ru ra l- a r e a s  in  A u s t r a l ia .  4 4 th  
ANZAAS C ongress, Sydney.
R endle , B .J .  1969. W orld T im bers -  1 -  Europe and A f r ic a .
R osevear, D .R . 1951. N ig e r ia n  Mammals.
Samuelson, Hancock & W a lla ce , 1970. E conom ics. A u s t.  E d i t io n .
Sim pson, G.G. 1945. The P r in c p le s  o f  C la s s i f ic a t io n ,  and c la s s i f i c a t io n  
o f  mammals. B u l l ,  o f  Am erican Museum o f  N a t. H is to r y .
V o l.  85 .
S teve n s , P .R . 1971. F o re s t Ecosystem s w ith  re fe re n c e  to
in te n s iv e  F o re s t r y .  F o re s t t r e e  N u t r i t io n  C on fe rence ,
6 -9  S e p t. 1971.
T a y lo r ,  C .J . 1952. V e g e ta tio n  zones o f  th e  Gold C o a s t. Ghana 
G o v t. P r in t in g  P re s s .
1954. Research Methods and re c o rd s  connected  w ith  th e  
T ro p ic a l S he lte rw ood  system  in  th e  Gold C o a s t. Emp. F o r .
Rev. 33 : 150-157.
U rq u h a rt,  D .H . 1955. Cocoa. Longmans, London.
W a tt, G.R. 1973. The p la n n in g  and e v a lu a t io n  o f  f o r e s t r y  p r o je c t s .
C . F . I .  Paper 45
174
W estoby, J .C . 1964. F o re s t In d u s t r ie s  on th e  a t ta c k  on economic 
unde rd eve lo p m en t. UNASYLVA 16(4 ) : 168-201.
W i l l i s ,  W.E. 1968. T im ber from  th e  F o re s t to  th e  Consumer.
Wolman, D r A be l 1968. Problem s o f  d e te r io r a t io n  o f  th e  e n v iro n m e n t.
P roceed , o f  I n t e r .  G ov t. C o n f. o f  E x p e rts  on S c. b a s is  f o r  
r a t io n a l  use and co ns , o f  th e  b io s p h e re . P a r is  4 -1 3  S e p t. 
1968.
W orking P lans Branch Ghana. B o in -D isu e -Y o yo  WP.1960-1965.
Bonsa R iv e r  F .R . WP.159-1964.
B ia  Group WP.1957-1962.
Ho H i l l  S ta t io n  WP.1958-1964.
Kwamisa F .R . WP.1958-1963.
M am iri Group WP.1958 -1963 .
Oda R iv e r  F .R . WP.1958-1969.
Asenanyo F .R . WP.
Bosomoa F .R . WP.
W orley , P .D . L o c a l b e n e f i ts  fro m  T im ber In d u s t r y  E xpa n s io n .
USDA C e n tra l E 'xp t. S tn . Paper 172.
W o r r e l l ,  A . 1970. P r in c ip le s  o f  F o re s t P o l ic y .  M cG ra w -H ill I n c .
N .Y .
Z iv n u s k a , J .A .  1966. In te g r a t io n  o f  F o re s t deve lopm ent p la n s  and 
n a t io n a l deve lopm ent p la n s , how to  make th e  f o r e s t r y  case 
a t  th e  n a t io n a l le v e l .  P roceed , o f  W orld F o r .  C ongress,
1966

